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During the past few decades tlie investigative ajjproaches to bio¬ 
logical problems have become markedly diversified. This diversifi¬ 
cation lias been caused in part by the introduction of methods from 
other fields, such as mathematics, physics, and chemistrj', and in 
part has been brought about by the formulation of new iiroblems 
within biology. At the same time, the quantity of scientific produc¬ 
tion and publication has increased. Under these circumstances, the 
biologist has to focus his attention more and more exclusively on 
his own field of intere.st. This .specialization, effective as it is in the 
liursuit of individual problems, requiring ability and knowledge 
didactically unrelated to biology, is detrimental to a broad under¬ 
standing of the current aspects of biology a.s a whole, without which 
conceptual progre.ss is diflBcult. 

The purpo.se of “The Scientist’s Library: Biology and Medicine” 
series is to provide authoritative information about the growth and 
status of various subjects in such a fashion that the individual books 
may be read with profit not only by the specialist but also by those 
whose interests lie in other fields. The tojhcs for the series have 
been selected as representative of active fields of .science, especially 
those that have developed markedly in recent years as the result 
of new methods and new discoveries. 

The textual approach is somewhat different from that ordinarily' 
used by the specialist. The authors have been asked to einjihasize 
introductory’ concepts and problems, and the pre.sent status of 
their subjects, and to clarify terminology and methods of approach 
instead of limiting them.selves to detailed accounts of current factu¬ 
al knowledge. The authors have also been asked to assume a com- 
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mon level of scientific competence rather than to attempt populari¬ 
zation of the subject matter. 

Consequently, the books should be of interest and value to 
workers in the various fields of biology and medicine. For the teach¬ 
er and investigator, and for students entering specialized areas, 
they will provide familiarity with the aims, achievements, and 
present status of these fields. 

Petek P. H. De Bbuyn 

(’hk'ago, Illinois 
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It seems desirable that this book should be prefaeed by some 
explanation of its purpose. It is not intended, of eourse, to provide 
an account of all the fossil evidence bearing on hominid evolution, 
or even the greater part of it. It aims only to present some of the 
main sources of evidence in an abbreviated form and to indicate 
such conclusions as may justifiably be drawn from them. But it.is 
concerned even more to examine critically the logical basis of the 
arguments and inferences which from time to time have been ad¬ 
vanced on the basis of studies of the fossil material or of studies of 
the comparative anatomy of man and his nearest living relatives. 
Fossil remains of hominids and anthropoid apes are still very 
scanty; Indeed, to those paleontologists who deal with vertebrate 
groups richly represented in the fossil record they must appear 
almost ridiculously so. But, because of their importance in the 
elucidation of the origin of our own species, they naturally have a 
most compelling and personal interest. It is the more necessary, 
therefore, that their significance should be assessed objectively in 
accordance with the well-established principles of paleontological 
science. Paleoanthropologists are now becoming more critical in 
their appraisal of the available fossil evidence, and it is well that 
this should be so; for in recent years this evidence has been accumu¬ 
lating rather rapidly, and it is important, in considering the pos¬ 
sible significance of new discoveries, to avoid some of the confu¬ 
sions and misunderstandings which have too often characterized 
discussions on human evolution in the past. Many of these mis¬ 
understandings have a terminological origin, and it has become 
more and more clear that they can be avoided in the future only if 

vii 



Preface 


paleoanthropologists agree to the use of a common taxonomic 
nomenclature based on adequate definitions. 

Apart from the meagerness of the fossil record of the Hominidae, 
much of the new material lately discovered has still to be described 
and compared in full detail. With such considerations in mind, it 
is quite apparent that some of the conclusions based on this pale¬ 
ontological evidence must necessarily be of a provisional nature. 
But it is right and proper to attempt an assessment of the avail¬ 
able evidence from time to time, even if conclusions can be no more 
than provisional, for only by so doing is it possible to formulate 
working hypotheses which may be put to the test as more data 
come to hand. 

Phylogenetic interpretations based on a fossil record which is 
still far from substantial are, of course, meant to be no more than 
interpretations. They are offered for confirmation or modification 
as the record becomes more and more complete. Thus it is not 
claimed that the conclusions presented in this book are in any sense 
final. On the other hand, it is suggested that at least they accord 
reasonably well with the facts so far as these are at pre-sent avail¬ 
able. 

W. E. Le Gros Clark 

Oxford 1954 
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CHAPTER I 


Morphological and Phyloge^ietic Problems 
of Taxonomy in Relation to 
Hominid Evolutmi 


It is well recognized by coini)arative anatomists that there is a 
biological relationship between man and the anthropoid apes, in the 
sense that, by a process of gradual diversification, both have been 
derived in the distant past from a presumed common ancestral 
stock. When, in the early days of evolutionary studies, this infer¬ 
ence was first made, it was based almost entirely on the totality of 
the anatomical resemblances between man and apes. Similar de¬ 
grees of resemblance between other groups of mammals had been 
accepted as evidence of an evolutionary relationship; and in some 
cases this relationship had been further demonstrated and con¬ 
firmed by the discovery of fossil remains of extinct creatures of in¬ 
termediate type. But at the time of the publication of Darwin’s 
book on the Descent of Man in 1871 the fossil record of human evo¬ 
lution was almost nonexistent, and the evidence for the relation¬ 
ship of man and apes—although it seemed convincing, even then, to 
many biologists—was only indirect. In more recent years, the fossil 
record bearing on human ancestry has accumulated to a remarkable 
extent. It is still meager in comparison with that of the evolution 
of some other mammalian groups, but it has provided much more 
direct and concrete evidence for the relationship of man and apes 
than was previously available. It is particularly noteworthy how 
closely some of these fossil types conform to intennediate stages of 
human evolution, which had been postulated and predicted on the 
basis of the indirect evidence of comparative anatomy. Discoveries 
of .such fossil relics, indeed, provide a remarkable vindication of the 
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well-established methods of comparative morphology which have 
been used for the assessment of systematic affinities and phyloge¬ 
netic relationships. As Wat.son (111) has noted, in arriving at a natu¬ 
ral classification “individual animals . . . are allotted to their 
groups by .structural similarities and differences, determined by ob¬ 
servations directed by ordinary morphological reasoning. And the 
methods of morphology are shown to be valid because they enable 
us to make verifiable predictions.” The progress of paleontological 
discovery has led to the verification of many of the predictions 
(based on the study of the comparative anatomy of Recent types) 
regarding the phylogenetic relatiomships and evolutionary origins 
of different groups of Primates. In this sense, indeed, paleontology 
might almost be calletl an experimental science, that is, if “experi¬ 
ment” is defined (as it is in the Oxford Dictionary) as “a procedure 
adopted for testing an hypothesis.” Comparative anatomical 
studies of living forms may demonstrate a gradational scries of 
morphological types, and such a series may suggest an actual 
temporal sequence of evolution. But the inference of a temporal 
sequence ba.scd on indirect evidence of this sort can be validated 
only by the direct evidence of paleontology. 

1. Comparative Anatomy and Taxonomy 
Before considering the fossil evidence for the zoiilogical relation¬ 
ship between man and ape, a brief reference may be made to the 
indirect evidenee of anatomical re.send)lance. In spite of .superficial 
appearances, these resemblances are actually very clo.se. The bony 
skeleton, for example, is con.structed on the same general plan; and 
in the ca.se of some of its elements it may hardly be possible to make 
a clear di.stinction without a careful .scrutiny of morphological de¬ 
tails or the comparison of biometric data. It is precisely for this 
rea.son, of course, that quite sharp controversies in the past have 
occasionally been arou.sed o%mr the identification of certain fossil 
fragments of a doubtful nature—whether they should be referrerl 
to ape or man. The mu.scular anatomy of man and apes is astonish¬ 
ingly alike, even down to some of the .smaller details of attachments 
of many of the individual muscles. The similarity in the structure 
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and <lisposition of the visceral organs suggests that apes have a 
closer relationship to man than they have to the lower Primates. 
The human brain (though larger in relation to body size) in its 
morphology is little more than a magnified model of the brain of 
an anthropoid ape; indeed, there is no known element of the brain 
in the former which is not also to be found developed to some de¬ 
gree in the latter. All these facts, together with observations record¬ 
ing similar metabolic processes, serological reactions, blood groups, 
and so forth, are well known. It is because of such a striking com¬ 
plex of resemblances that in schemes of zoological classification 
man and the anthrojjoid apes have for many years been placed 
quite close together, and in recent years the tendency has been for 
a still closer approximation. 

Even the antievolutionary biologists of past days classified man 
in the Mammalia (they could hardly do otherwi.se), but they em¬ 
phasized their conception of his apartness by placing him in a sep¬ 
arate order, or oven in a separate subcla.ss, of mammals. More 
detailed and le.ss subjective studies later placed him in the order 
Primates, according him a family status (Hominidae) which is 
equated with the Pongidae (anthropoid apes) and the Cercopithe- 
cidae (catarrhine monkeys). Today, the detailed morphological re¬ 
semblances between man and the anthropoid apes are believed by 
many authorities to be more accurately expressed by grouping the 
Hominidae and Pongidae in a common superfamily, Hominoidea, 
and thus contrasting them both with the catarrhine monkeys— 
Cercopithecoidea (100). The closer association in a zoological clas¬ 
sification of man and apes is no doubt due partly to the stricter 
application of taxonomic criteria, particularly as the result of the 
work of those authorities who are specially qualified by practical 
experience to apply the principles of vertebrate taxonomy to the 
Primates. But it is also due to the discovery of the fossil remains 
of primitive hominids in which the morphological distinctions con¬ 
trasting Homo sapiens with the Recent anthropoid apes are not 
nearly so obtrusive. 

Notwithstanding the numerous anatomical resemblances be¬ 
tween Recent man and Recent apes, there arc, of course, quite pro- 
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noimced differences, and in the past these have all been duly em¬ 
phasized by one anatomist or another. In some cases they have 
certainly been overemphasized, partly (it seems) because the hu¬ 
man anatomist tends by the nature of his studies to focus attention 
on the minutiae of morphology and is thus inclined to exaggerate 
their taxonomic significance. Perhaps, also, the very personal na¬ 
ture of the problem has led some authorities to lay more stress on 
differences between man and apes than they would do on equiva¬ 
lent differences in other mammalian groups. The lists of morpho¬ 
logical characters which from time to time are put forward as evi¬ 
dence of man’s “uniqueness” among mammals often give the 
strong impression that the authors are straining the evidence to the 
utmost limit (and sometimes a considerable way beyond it) in order 
to substantiate their thesis. It does not always seem to be fully 
realized that some of the unique features of H. sapiens on which 
these authors lay stress are merely distinctions at a generic or 
specific level, or that they represent little more than an extension 
of morphological trends which are quite apparent in other Pri¬ 
mates. Nor is adequate account taken of the fact that similar 
claims for uniqueness might be equally valid for many other mam¬ 
malian species. The giraffe, for example, possesses a number of 
anatomical characters which establish it as “unique” ainong all 
other living mammals, but its taxonomic position in the Giraffidae 
(equated with related families of the same infra-order, Pecora, such 
as the Cervidae and Bovidae) is accepted as a reasonable interpre¬ 
tation of its evolutionary status. Anatomically, H. sapiens is unique 
among mammals only in the sense that every mammalian species 
is in some features unique among mammals. 

It is instructive to consider a sample of those anatomical dif¬ 
ferences which have been claimed to be so exclusively distinctive 
of the Hominidae as to demand an unusual degree of taxonomic 
isolation, and to see how these equate with differences found among 
other mammals which are accepted as forming natural groups in the 
phylogenetic sense. In Homo the large size of the brain relative to 
the body weight is certainly a feature which distinguishes this 
genus from all the other Hominoidea, but it actually represents no 
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more than an extension of the trend toward a progressive elabora¬ 
tion of the brain shown in the evolution of related Primates (and 
also of many other groups of eutherian mammals). In its morpho¬ 
logical pattern, indeed, the human brain shows much less contrast 
with that of the large anthropoid apes than is found among the 
various families of an equivalent taxonomic category of Primates, 
the superfamily Lemuroidea; and even in its absolute size it shows 
less contrast than is to be found between the primitive and ad¬ 
vanced genera of the single family Equidae. Several patterns of 
articulation between the bones of the skull have been claimed as 
quite distinctive of the Hominidae, but they also occur as variants 
(in some instances quite commonly) in the skulls of apes. In any 
case, however, the differences in pattern of articulation which are 
claimed to distinguish the Hominidae from the Pongidae are no 
more pronounced than those which are found to occur between 
different groups of (say) the single family Cercopithecidae. The 
dentition of the Hominoidea, in .spite of differences between the 
Hominidae and Pongidae such as those of the relative size and 
.shape of the canines and first lower premolars, actually shows far 
closer similarities than are to be found in the several families of 
(for example) the Feloidea. The linear proportions of the limbs in 
H. sapiens show certain well-recognized differences from those 
of the Recent anthropoid apes, but again these differences are not 
more marked than they are in (say) the several families of the 
Muroidea. Even the form of the glans penis and the fact that the 
female is characterized by a permanent, well-developed “bosom” 
have been adduced as evidence of “man’s” uniqueness among mam¬ 
mals. But these may be no more than specific characters of II. 
sapiens and not characteristic features of the Hominidae as a 
whole (for, of course, we have no idea at all what the penis and the 
female breast may have been like in extinct types of man such as 
Pithecanthropus). These examples (which could well be multiplied) 
appear to indicate that anatomists who have laid such stress on 
differences of this sort as emphasizing the morphological “unique¬ 
ness” of H. sapiens have jrerhaps introduced a j)er.sonal and .sub- 
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jective element into their assessment of the taxonomic status of 
their own species. 

2. Man, Homo sapiens, and tub IIominidae 

In order to eliminate the subjective factor as far as possible in 
discussions on hominid evolution, it seems quite essential to avoid 
colloquial terms such as “man” and “human,” In recent contro¬ 
versies on the taxonomic position of fossil hominids, as so frequently 
in the past, their too common use has been a very obvious source 
of confusion. The fact is that these terms may not properly be used 
as though they were equivalent to the zoological terms Homo and 
IIominidae or to the adjectival form “hominid,” in the same way 
that (for example) the term “horse” can be substituted for “equid.” 
In the latter case, although the primitive equid Hyracotherium is so 
markedly different superficially from the modern Equus, it can be 
called a “primitive horse” without real danger of misunderstand¬ 
ing, for the term “horse” (or “horse family”) still remains ela.stic 
enough in the minds of most people to pennit its extension to rela¬ 
tively remote ancestral forms. Similarly, the fossil Hominoidea of 
Miocene age may appropriately be called “primitive anthropoid 
apes,” even though they had not acquired all the specialized fea¬ 
tures which are accepted as characteristic of the anthropoid apes of 
today (see p. 160). But the terms “man” and “human” have come 
to assume, by common usage, a much narrower and more rigid 
connotation, which for most of us (however we may try to persuade 
ourselves otherwise) also involves a real emotional element. There 
can be little doubt that if these colloquial terms were to be rigidly 
excluded in strictly scientific discussions of the evolutionary origin 
of H. sapiens, and only the terms proper to taxonomy employed, 
such problems could be approached on a much more objective 
plane than often appears to be the case.' 

1. The contusion to which the loose use of the term “man” may give rise is well 
illustrated by those comparative studies in which the skeletal elements of a fossil 
homlnoid arc compared with only the Recent anthropoid apes and with only U. 
japiens (or perhaps even with only one or two racial varieties of H. sapiens) and 
the conclusion is then drawn that in certain features the fossil agrees more closely 
with the “anthropoid apes” than with "man.” The fallacy of such a statement is 
obvious, but it may nevertheless be very misleading to the casual reader. Clearly, 


6 



Man, Homo sapiens, and Hominidae 

Homo sapiens is the terminal product, or one of the terminal 
products, of an evolutionary radiation which also led to the de¬ 
velopment of other types which have now become extinct, all of 
which are included in a natural group, the family Hominidae. If 
this familial term is to be used as it is in the definition of equivalent 
mammalian groups (i.e., with due reference to the fundamental 
concepts of evolution and to the taxonomic designation of other 
equivalent radiations), it must include not only H. sapiens but 
all those representatives of the evolutionary sequence which finally 
led to the development of this sjiecies (and of collateral lines) from 
the time when the sequence first became segregated from the 
evolutionary sequence of the Pongidae. Similarly, the family 
Pongidae logically includes not only the Recent anthropoid apes 
(gorilla, chimpanzee, orang, and gibbon) but also the fossil and 
extinct related types to which this particidar line of evolutionary 
development gave rise after it had become clearly segregated from 
the common ancestral stock which also gave rise to the Cerco- 
pithecidae. It is of the utmost importance that tho.se taking part in 
discussions on phylogenetic sequences and zoological classification 
.should recognize the implications of the.se taxonomic terms and 
make proper u.se of them. So far as the Hominoidea are concerned, 
they are illustrated diagrammatically in Figure 1. From this dia¬ 
gram it will be seen that (as will be di.scussed in later chapters) 
three genera of the Hominidae are here provisionally recognized: 
Homo —represented by the two species H. sapiens and H. neander- 
thalensis; Pithecanthropus—an extinct type which is known to 
have existed in the Far East during Early and Middle Pleistocene 
times; and AustralopUhecus —a primitive hominid whose fo.ssilized 
remains have recently been recovered in .such quantity from 
travertine deposits in South .\frica. It .still remains uncertain 

the authors of such studies are using the term “uiati” a.s though it were equiv¬ 
alent to U. sapiens, or periiaps only one racial variety of //. sapiens. But tlie term 
“man” must presumably be taken also to include extinct types, such as Xeanderthal 
man and the various repre.sentative8 of the Pithecanthropus group (including "Megan- 
thropus"). These should be taken into c-onsideration and also, of cour.se, the extinct 
types of antluopoid ape. The fallacy of extrapolating from .single species or genera to 
larger taxonomic groups is not uncommon in the literature of paleoanthroptilogy. 


7 



known genera of the Hominiclae, and the relationship of the latter to the Pongi- 
dae. This diagram is also intended to emphasize that, as paleontological records in 
general clearly establish, representatives of an earlier genus may survive and per¬ 
sist long after other representatives of the sume genus have given rise to a later 
genua. In other words, an ancestral genus may for some time actually be contem¬ 
porary with its derivative genus. 
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whether Pithecanthropus and Australopithecus are represented by 
more than one species. The phylogenetic relationships of these 
genera to one another and to the anthropoid ape family (Pongidae) 
indicated in the diagram are to be regarded as provisional interpre¬ 
tations based on the fossil evidence so far available. But the main 
intention of the diagram here is to make it clear that the Homini- 
dae include all those genera which represent the earlier and later 
developments of a single evolutionary radiation, the latter being 
distinguished from the other radiation of the Ilorninoidea—the 
Pongidae—by a clear divergence of evolutionary trends. Similarly, 
the genus Homo, Pithecanthropus, or Australopithecus includes 
those species which represent in each case a common line of evolu¬ 
tionary development diverging from other genera of the Ilomini- 
dae. In other words, these terms are taken to connote a “vertical” 
classification of the Ilorninoidea, in the sense that they are indica¬ 
tive of separate main and subsidiary evolutionary secpiences, as¬ 
cending and tliversifying from common basal stocks.^ It is particu¬ 
larly urged that this simple and now generally accepted scheme of 
classification of the Ilorninoidea should be adhered to and that 
fancy terms invented from time to tnne by individual authors 
(such as Euhominids, Prehominids, Prehominians, Archanthropi- 
nae, Presapiens, and so forth) should he strenuously avoided. In so 
far as none of these terms has ever been properly defined, they re¬ 
main entirely obscure, and, in .so far as they remain obscure, their 
continued u.se is bound to lead to confusion. 

One of the mo.st important desiderata of a workal)le classification 
is that it should meet with a general (even if only provisional) 
adoption for common usage. Taxonomic .systems u.sually involve a 
compromise of vertical anti horizontal classifications, the former 

2. It Ls to be okserved that maramalian ela.Hsifications are not entirely of the 
“vertical" tj'pe. Where the fassil evidence w .still wanting and in .some cases where it 
is a matter of greater taxonomic convenience, terminal products of diflFerent lines 
of phylogenetic development may be grouped together in a "horkontal” type of 
classification. For example, in the Primates the Old World monkey.s and the New 
World monkeys are at present grouped in a common suborder, the Anthropoidea, 
although there is some evidence (stilt far from complete) tlmt these two groups of 
monkeys had their evolutionary origin in different groups of Kocene prosimians. 
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coming to predominate more and more as the fossil evidence of 
phylogenetic lines gradually accumulates; while this evidence re¬ 
mains incomplete, no two students of a particular mammalian 
group are likely to agree on all points of their classification. But 
they can, and should, agree to use a common system even if they 
do not accept all its implications, provided that the system repre¬ 
sents at least a reasonable approximation to probable phylogenetic 
relationships and that it is broadly conceived in its basic plan. In 
the present work we make use of Simpson’s classification of the 
Primates (100), not because it is the only possible classification, or 
on the assumption that it represents the last word on phylogenetic 
relationships (which no system of classification can do with the 
present paucity of the fossil record). We use it because (1) it is 
based on recognized authority and experience, (2) it has the merit 
of simplicity, (3) it appears to reflect reasonably closely such phylo¬ 
genetic relationships as can be inferred from the evidence at hand 
(and as far as this can be done in any system of classification with¬ 
out seriously affecting convenience of reference), and (4) it has been 
provisionally accc])ted and recognized by other authoritative work¬ 
ers in the same field. It is well to emphasize this last consideration, 
for only by the provisional acceptance of a common scheme of clas¬ 
sification (with common and well-understood taxonomic terms) is 
it possible for zoiilogists or anthropologists to engage in mutual 
di.scussions on i)roblem.s of Primate evolution without misunder- 
.standings and misrepresentations. 

One of the most remarkable sources of confusion in recent dis¬ 
cussions on hominid evolution is the tacit assumption by some 
writers that a large brain is an essential character of the Hominidae; 
this example is referred to here because it .serves to illu.strate rather 
forcibly the mi.suse of taxonomic terms. Now it is, of cour.se, obvi¬ 
ous that one of the outstanding characteri.stics of 7/. sapiens is 
the relatively large size of the brain. But some of those anatomists 
who lay most stress on this distinction also maintain that the 
Hominidae (i.e., the family comprising the evolutionary radiation 
leading, infer alia, to 77. sapiens) .separated from the other radi¬ 
ations of the Primates at a very remote geological ])eriofl—at least 
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by the Early Miocene. On the other liancl (as we shall later see), 
there is no evidence to show that the precursors of H. sapiens 
acquired a brain size approaching modern dimensions before the 
Early Pleistocene and certainly not before the Upper Pliocene. Con¬ 
sequently, there must presiumably have been a very lengthy period 
in the hominid sequence of evolution during which the brain still 
retained a size approximating to that of the modem large apes. In 
other words, while a large brain may be accepted as one of the diag¬ 
nostic characters of the species H. sapiens or the genus Homo, 
it is not a valid criterion of the family Hominidae. In a recent essay 
it has been suggested by Oakley (78), following a well-reasoned 
argument, that the terra “man” (and prc.sumably “human” as 
well) should be reserved for those later rei)resentatives of the 
hominid sequence of evolution who had reached a level of intelli¬ 
gence indicated by their capacity to fabricate implements of some 
sort. Man, that is to say, is es.sentially a tool-making creature. If 
this definition is accepted, then the earlier small-brained repre¬ 
sentatives of the Hominidae who had not yet developed this 
capacity may conveniently be referred to “the prehuman phase of 
hominid evolution.” 

The assumption that a brain of large dimensions is a distinctive 
feature of the Hominidae as contrasted with the Pongidae is cer¬ 
tainly in part the result of a terminological confusion resulting from 
the loose usage of the terms “man” and “human” as though they 
were equivalent to “hominid.” But it has also been argued (again 
mainly on the basis of comparative anatomical studies of living 
forms) that the primary factor which led to the evolutionary di¬ 
vergence of the Hominidae from the Pongidae was the rapid en¬ 
largement of the brain and that other distinctive characters, such 
as those related to posture and gait, were secondary developments. 
However, apart from the fact that functional considerations make 
such a speculative hypothesis unlikely or, indeed, impossible, it is 
rendered untenable by the paleontological data now available. 

It has been ncces.sary to divaricate on the significance of the 
taxonomic terms u.scd in discu.ssions on hominid evedution, for the 
reasoJi that much fruitless argument has evidently been expended 
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for the want of careful definitions, and it may be well to re-einpha- 
size briefly one or two of the major points discussed. The purpose 
of zoSlogical classification, as Simpson has pointed out, is primarily 
a matter of practical convenience; but the basis of a taxonomic 
system is phylogenetic, and the criteria of the definition of taxo¬ 
nomic terms should, as far as is consistent with practical conven¬ 
ience, be consonant with the evidence of phylogeny. It is for this 
reason, of course, that zoological classifications must necessarily be 
provisional and tentative in the absence of a substantial paleon¬ 
tological record, and they need constant revision as this record be¬ 
comes more and more complete. In the absence of any fossil re¬ 
mains, the family Equidae would presumably be defined (as 
Cuvier, indeed, defined his equivalent of this family) on the basis 
of the existing species of Equns —that is to say, by characters such 
as the single complete digit on each foot and the complicated pat¬ 
tern of the check teeth. But, with the accession of fossil material, 
the definition of Equidae has come to be widely extended to include 
such primitive representatives of the equid sequence of evolution 
as Hyracotherium and Mesohippus. In defining the Hominidae and 
contrasting this family with the Pongidae, considerations of phylog¬ 
eny must also be taken into account. In other words, a satisfactory 
definition is to be obtained only by a consideration of the funda¬ 
mental factors of structural evolution which determined the initial 
segregation of the Hominidae and the Pongidae from a common 
ancestral stock, and of the divergent trends which the two evolu¬ 
tionary sequences followed in their later development.® The former 

3. While ill any sy.sleni of classifieation the lower taxonomic categories, such a.s 
genera and .species, may be defined in more or less static terms (at least in so tar a.s 
they concern divergent rather than siiccessional types), it is impracticable to draw 
up any comprehensive definition of larger categories, such as families and orders, 
except on the basis of evolutionary trends. The latter may be inferred indirectly by 
a consideration of the various end-products of evolution in each group, but they can 
bo ultimately demonstrated only by paleontological sequences. For example, the 
order Primates is particularly difficult to define by reference to fixed characters, 
mainly for the reason that, as a group, it is not distinguished by any gross forms of 
adaptive speeialiisation possessed by all its members in common. The evolutionary 
progress of the Primates, as Simpson (101) has well said, has been in the direction of 
greater adaptability rather than of greater adaptation. Thus the order can be defined 
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consideration is no doubt of more direct importance in the identi¬ 
fication of fossil remains of early hominoids whose taxonomic status 
may not be immediately clear, for in such primitive types some of 
the later evolutionary trends will not yet have manifested them¬ 
selves to any marked degree. Those anatomical features which 
probably have no more than a specific value for the definition of 
H. sapiens (such as the combination of a large brain with a verti¬ 
cal forehead, small teeth, reduced jaws, presence of a chin, and so 
forth) must obviously be avoided in the definition of the Ho¬ 
minidae. 

3. The Eauly Differentiation of the 
Hominidae and Pongidae 

As we have already noted, the expansion of the brain to the 
large dimensions characteristic of //. sapiens was evidently a 
relatively late phenomenon in the sequence of hominid evolution. 
What, then, are the basically distinctive characters whose develop¬ 
ment initiated the evolutionary radiation of the Hominidae in 
the first stages of its segregation from the Pongidae and which 
might therefore be expected to be of importance for the differenti¬ 
ation of the earlier representatives of these two families? From a 
consideration of the details of comparative anatomy of living fonns 
and from the evidence now available from fossil hominoids, it ap¬ 
pears reasonably certain (and, indeed, is agreed by authorities who 
hold widely differing views on the phylogenetic details) that the 
most important single factor in the evolutionary emergence of the 
Hominidae as a separate and independent line of development was 

only by reference to the prevailing evolutionary trends which have distinguished it 
from other groups—such as the progre.ssive development of large and complicated 
brains, the elaboration of the visual apparatus and a corresponding reduction of the 
olfactory apparatus, the abbreviation of the facial skeleton, the tendency toward the 
elimination of the third incisor tooth and of one or two premolars, the preservation 
of a relatively simple pattern of the molar teeth, the replacement of sharp daws 
(faleulae) by flattened nails (ungulae), the retention of pentadaetyl limbs with an 
accentuation of the mobility of the digits, and so forth (64). Not all Primates (even 
those that exist today) have developed all these characters or completed their de¬ 
velopment to the same degree. And still less so, of course, was this the case with the 
earliest Primates of the Eocene period. 
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related to the specialized functions of erect bipedal locomotion 
(109). Herein the Hominidae showed a most marked evolutionary 
divergence from the Pongidae, for in the latter the strongly con¬ 
trasting brachiating mode of locomotion was developed. In the one 
case the lower limb increased in length in relation to the trunk 
length and to the length of the upper limb; in the other it was the 
upper limb that increased in relative length. In other words, in the 
relative growth of the limbs the Pongidae and the Hominidae have 
followed two opposing allometric trends, In the Hominidae the 
bony elements of the foot and the knee joint became modified in 
shape and proportions to permit the structural stability required 
for bipedal progression; in the Pongidae the mobility of these parts 
was enhanced for sjjecialized prehensile functions. In the Homini¬ 
dae the pelvic skeleton underwent quite far-reaching changes di¬ 
rectly related to the erect po.sture; in the Pongidae it retained the 
general shape and proportions found in lower Primates generally. 
These divergent modifications of the limbs and pelvis are related to 
very different modes of life in the two families. They involve more 
than just those proportional differences in linear dimensions which 
can be determined by over-all measurements and about which so 
much detailed and accurate information has been accumulated by 
the patient studies of Schultz (92, 94, 96), for they are also accom¬ 
panied by quite marked structural divergences in muscular anato¬ 
my (as Straus, 104, has emphasized). The total morphological pat¬ 
tern of the limbs and pelvis in the known representatives of the 
Hominidae thus presents a criterion by which these are distin¬ 
guished rather abruptly from the known representatives of the 
Pongidae. If, as now appears probable, this distinction was the 
factor responsible for the primary segregation of these two evolu¬ 
tionary radiations, it provides a most important clue for assessing 
the true taxonomic position of their early representatives. 

Another criterion of special importance in paleontology is pro¬ 
vided by the total morphological pattern of the dentition. In all the 
Recent Pongidae the primitive features of the Primate dentition 
have been modified by the widening of the incisor series, the re¬ 
placement of a converging molar-premolar .series by parallel (or 
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slightly divergent) tooth rows, the accentuation of powerful over¬ 
lapping canines (with a pronounced sexual dimorphism), and the 
development of a more strongly sectorial^ character of the anterior 
lower premolar. In all the known Hominidae the incisors remain 
small, the molar-premolar series converge in a rounded arcade, the 
canines have undergone a relative reduction in size and do not 
overlap to any marked degree (and not at all after the early stages 
of attrition, except in some individuals of the Pleistocene genus, 
Pithecanthropus), and the anterior lower premolar is of a bicuspid, 
nonscctorial form. These differences in the dentition may have been 
secondary to those of the limbs and pelvis, but the paleontological 
evidence indicates that they ahso became manifested relatively 
early in the evolutionary history of the two families. 

4. Total Mokphological Pattern 

Reference has been made earlier to the “total morphological pat¬ 
tern” presented by limb .structure or the dentition. It seems de.sir- 
able to stress this concept of pattern rather strongly because the 
assessment of the phylogenetic and taxonomic status of fossil 
hominoid remains must be based, not on the comparison of indi¬ 
vidual characters in isolation one by one, but on a consideration of 
the total pattern which they present in combination.^ Undoubtedly, 
many of the conflicting opinions expressed in the past by compara¬ 
tive anatomists regarding the relationship of the Hominidae and 

4. A .sectorial type of lower preinolar, which is characteristic of all known anthro¬ 
poid ape.s, is a predominantly unicuspid tooth, the main cusp having anteriorly 
a cutting edge which shears against the upper canine (see Fig. *0, B, 1). 

5. Vertebrate taxonomists are, of course, well accustomed to taking account of 
groups of characters in their assessment of the zoological-sUitus of an animal, and 
they are quite conversant with the phrase “character complex.” But anthropologists 
and human anatomists (perhaps from tack of experience in the practice and principles 
of taxonomy) often tend to focus their attention rather on single characters in their 
discussion of relationships: or, if they take into account a list of several characters, 
they tend to treat them as an as.semblage of separate individual units, without 
recognizing that in combination they constitute a pattern which must l>e treated as 
a whole. It Ls in order to emphasize this most important principle that the term "pat¬ 
tern” is put forward as somewhiit equivalent to (but actmdly ineatiing more than) 
the term “complex.” 
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other Primates have been the result of the separate comparison of 
individual characters. In fact, however, it is doubtful whether any 
single structural detail or measurement by itself can be accepted as 
providing a clear-cut distinction which would permit a positive 
identification of a single specimen of a fossil hominoid. For ex¬ 
ample, the mere presence of a measurable gap (diastema) between 
the upper canine and lateral incisor teeth is not by itself sufficient 
to determine that a fragment of a fossil hominoid jaw is identifiable 
as that of an anthropoid ape rather than a hominid (though a dias¬ 
tema is very rarely absent in the completely erupted dentition of 
anthropoid apes and is very rarely found in a hominid jaw). But if 
a well-marked diastema forms one element of a complicated mor¬ 
phological pattern which also includes conical, projecting, and over¬ 
lapping canine teeth, a laterally compressed lower first premolar 
tooth of sectorial form, forwardly placed incisors, and so forth, it 
becomes an important feature in the taxonomic identification of a 
fossil specimen, for such a pattern is diagnostic of the Pongidae in 
contradistinction to the Hominidae. Or, to take another example, 
the mere presence in one specimen of a primitive type of skull of a 
“mastoid process,” considered simply and solely as a bony emi¬ 
nence, does not by itself identify it as hominid rather than pongid, 
for a mastoid process of a sort may occasionally be found in the 
skulls of mature gorillas (as Schultz, 95, has noted). But if a mastoid 
process of typical hominid shape, disposition, and proportions is 
found consistently in a number of skulls in a common collection of 
fossil hominoids (immature as well as mature) and if it also forms 
a component part of a total morphological pattern of associated 
parts normally found in hominid, but never in pongid, skulls (in¬ 
cluding a clear-cut digastric fossa and a well-marked occipital 
groove, and a characteri.stic relationship to the nuchal area of the 
occipital bone and to a tympanic plate of a particular conforma¬ 
tion), its significance for taxonomic purposes evidently becomes 
enormously enhanced. Many similar examples could be adduced 
(and some will later be noted) of a coincidence of total morphologi¬ 
cal pattern which has been overlooked or obscured by treating in 
isolation only one or two features of the pattern and assuming that 
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these are by themselves adequate for the assessment of taxonomic 
affinities. 

5 . Convergent and Parallel Evolution 
It is a fundamental principle of taxonomy that a closeness of re¬ 
semblance in total morphological pattern is an indication of a cor- 
re.sponding closeness in zoological relationship. On the other hand, 
it is also generally recognized that structural resemblances of a sort 
can be produced by convergent and parallel evolution, and in this 
case they are not of equal value in the assessment of relation.ships. 
Taxonomists arc well aware of these complications and of the need 
to take account of them. But the potentialities of convergence and 
parallelism have been much overestimated hy some comparative 
anatomists, who have sought to discount the structural resem¬ 
blances between H. sapiens and the anthropoid apes by attribut¬ 
ing most (if not all) of them to these processes. That some degree 
of convergent and parallel evolution has occurred in the Hominidae 
and Pongidae is not in doubt; but to attribute all those similarities 
which form component elements of a highly complicated total 
morphological pattern to long-standing convergence or parallelism 
reduces the morphological principles underlying taxonomy to an 
ab.surdity. By the skilful manipulation of such extreme misapplica¬ 
tions of well-known evolutionary processes (and, incidentally, tak¬ 
ing no account of the statistical improbabilities at once made evi¬ 
dent by a consideration of the principles of genetics), it is possible 
for anyone to draw those conclusions regarding systematic affini¬ 
ties which conform most with his personal predilections. There is 
no need here to enlarge on this matter of convergence and paral¬ 
lelism in relation to taxonomy (or on the misconceptions which 
some authorities have held on the degree to which evolution is ir¬ 
reversible), for such questions have recently been dealt with in a 
thoroughly reasonable manner by paleontologists well qualified to 
do so by long experience and recognized distinction. But it is worth 
while quoting Simpson (102) that “the basis of parallelism is initial 
similarity of structure and adaptive type, with .subsequent recur¬ 
rent homologous mutation”; that the initial similarity and the 
homology of mutations themselves imply phylogenetic relationship; 
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that “closeness of parallelism tends to be proportional to closeness of 
affinity”; and that “it is improbable that convergence ever pro¬ 
duces literal identity in structure and certainly no such case has 
ever been demonstrated.” The extensive data of comparative 
anatomy and vertebrate paleontology now available justify the 
assumption (at any rate as a reasonably secure working hypothesis) 
that species and genera which show a preponderance of structural 
resemblances are genetically related forms, unless some flagrant 
discrepancy exists in one or more features such as could be ex¬ 
plained morphologically only by a long period of independent evo¬ 
lution from an ancestral form of a much more primitive type (and 
not, as may, of course, occur, by mutational variations of a geo¬ 
logically more recent date). It may not always be possible to exclude 
finally the factor of convergence as an explanation of a similari¬ 
ty in individual structural features; but it is not permissible to dis¬ 
miss a complicated pattern of morphological resemblances as mere¬ 
ly the expression of convergence, without presenting evidence in 
support of such an arbitrary “explanation,” As Colbert (24) has 
pointed out, “parallelism should not be invoked to explain re- 
.semblances among related animals unless it can be proved, for 
to do this is to make the whole concept of evolution largely 
meaningless.” 

6. The Multiplication op Genera and Species 
Among the more vexing taxonomic problems of Primate paleon¬ 
tology is the somewhat arbitrary multiplication of genera and spe¬ 
cies on the basis of skeletal remains which in some cases are very 
fragmentary. This, of course, is also a problem of vertebrate pale¬ 
ontology in general. Skeletal elements by themselves do not always 
reflect to the .same degree tho.se differences which are apparent 
enough in the living animal to warrant distinction at a specific, or 
even a generic, level. For example, in the Recent Cercopithecoidea 
the comparative odontologist might not always find it ea.sy to jus- 
tify—on the basis of the dentition alone—some of the specific dis¬ 
tinctions which are clearly justified by a study of the animals as a 
whole. On the other hand, these very examples may lead him to 
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attribute an exaggerated importance to trivial details of the den¬ 
tition in other groups of Primates in which they may be no more 
than an expression of individual (or subspecific) variation. Par¬ 
ticularly is this the case with the study of fossil remains of the 
Hominoidea; for the individual, sexual, and subspecific variations 
in this group of Primates are rather considerable. There is thus an 
almost inevitable (and perhaps, therefore, excusable) tendency 
among Primate paleontologists too readily to multiply species or 
genera among the fossil remains which they study, if these are only 
few and fragmentary, for the obvious reason that the extent of the 
individual and group variability can hardly be assessed until a 
much more complete record becomes available. But this initial 
tendency toward “splitting,” provided that it is recognized, is per¬ 
haps not of great importance; and it is often a matter of conven¬ 
ience to accept provisionally and temporarily the generic and spe¬ 
cific differentiations which have been made by a paleontologist in 
the first instance, even though there may be some <loubt about 
their taxonomic validity. Later on, as more fossil material becomes 
available or as the result of a more detailed comparative analysis 
of the relevant structural details, the initial taxonomic distinctions 
may need to be revised. The genus Sinanthropus (“Pekin man”) 
was at first ba.sed on a single tooth, and the name was retained and 
employed for many years, even by those who felt dubious about its 
validity. With further di.scoveries in China and Java, it became 
clear that Sinanthropus was really not distinguishable generically 
from Pithecanthropus (“Java man”), and it is now included in this 
genus of early hominids. The Chinese repre.sentative of the genus is 
usually still distinguished specifically from the Javanese represent¬ 
ative {Pithecanthropus erectus) as P. pekinensis, though even this dis¬ 
tinction may eventually prove to be unwarranted. But it is a dis¬ 
tinction which is convenient to retain, pending the accession of fur¬ 
ther material which may allow a more complete study of the limits 
of variance in the two groups. Another example illustrating the 
difficulties of taxonomy in the study of fossil remains is furnished 
by the discovery of Australopithecus in South Africa (see p. 117). 
The first skull to be found was described by Dart (26), who created 
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for it the species Australopithecus africanus. Subsequently, Broom 
found many more remains of individuals belonging to the same 
group and thought that he was able to distinguish other genera and 
species— Plesianthropus transvaalensis (found at Sterkfontein), 
Paranthropus robustus (found at Kromdraai), Paranthropus crassi- 
dens, and Telanthropus capensis (both found at Swartkrans). Lastly, 
Dart (27) described yet another specimen from Makapansgat under 
the name A. prometheus. It is probably true to say that most authori¬ 
ties would agree that a convincing case has not yet been made out 
for separating these fossils generically (see p. 155); but, as already 
noted, it may be a matter of convenience in preliminary discus¬ 
sions to refer to these provisional taxonomic terms, though, of 
course, this does not commit those who do so to their final accept¬ 
ance, On the other hand, where there is a large element of doubt, 
the wisest procedure (pro tern) is to use place-names referring to 
the site of discovery and to speak (for example) of the “Sterkfontein 
skull,” of the “Kromdraai mandible,” or of the “Swartkrans 
pelvis.” 

It is a matter of great difiiculty to formulate precisely the cri¬ 
teria by reference to which specific or generic distinctions are rec¬ 
ognized in fossil material. Particularly is this so when the material 
is scanty audit is not possible to determine the limits of individual, 
sexual, and age variability. In such cases the paleontologist can 
only proceed on the assumption that these limits are of much the 
same order as in closely related groups where they are reasonably 
well known. For this purpose a sound knowledge of such related 
groups (as well as a considerable taxonomic experience) is obviously 
a prerequisite, for different skeletal and dental characters show dif¬ 
ferent degrees of variation in different groups.® Thus even consider- 

e. It may be suggested that paleoanthropologists, by an international convention, 
should agree to refrain from creating any new species or genus on the basis of a fossil 
specimen unless it can be demonstrated with reasonable assurance that the skeletal 
and dental characters of the specimen deviate from those already known to an extent 
at least equivalent to the differences between recognized species or genera in Recent 
representatives of the same or allied groups. It should also be agreed that no new 
species or genus be created without a formal diagnosis (for it is only by reference to 
formal diagnoses that taxonomic determinations of similar material can be made 
by other workers and that the latter can judge whether a new species or genus is 
“true” or not). 
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able variation in the size of the molar teeth anti jaws or in the 
cranial capacity in a group of fossil hominids should not delude the 
paleontologist into making specific distinctions on the basis of such 
characters alone, for the latter are known to show a very wide range 
of variation in the single species II, sapiens. On the other hand, 
similar degrees of variation found among the fossil remains of cer¬ 
tain lower Primates may justify a specific distinction in so far as the 
same characters are known to be less variable in these types. On the 
basis of such analogies, it is legitimate to make specific or generic 
distinctions as a provisional taxonomic device (even when the fossil 
material is scanty); but the validity of these distinctions can, of 
course, be finally determined only when sufficiently abundant 
material is available for comparative study. 

It seems sometimes to be assumed (in referring to fossil speci¬ 
mens) that specific or generic distinctions are disallowed if inter¬ 
gradations between these taxonomic categories are demonstrable. 
However, such a criterion is clearly not applicable to a temporal se¬ 
quence (nor, indeed, is it always so in a contemporary series of geo¬ 
graphically or ecologically segregated groups). If a complete fossil 
record of the Hominidae were available, there would presumably be 
complete intergradations from the earliest to the latest representa¬ 
tives of this evolutionary sequence. This would not eliminate the 
need to make taxonomic distinctions in order to give expression to 
the various subsidiary radiations of the sequence, though naturally 
the distinctions become less and less obvious as the paleontological 
record leads back to the initial stages of evolutionary segregation 
of each radiation. Intergeneric gradations in a temporal sequence 
are well exemplified in the Equidae, for Simpson (103) remarks, in 
reference to Hipparion and related fonns, that the difference from 
the ancestral type Merychippus “is clear-cut and, indeed, obvious 
when the most characteristic forms are compared, but the change 
was gradual and even an expert is puzzled as to where to draw the 
line in the continuous series from advanced Merychippus to primi¬ 
tive Hipparion, Neokipparion, or Nannippus.” On the other hand, 
the discovery of intergradations in the fossil record may be of some 
importance, in so far as they facilitate (or confirm) natural group- 
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ings in the major taxonomic categories, such as families, suborders, 
and orders, for they may betray systematic affinities which are not 
always fully apparent when the terminal products of phylogenetic 
lines are alone considered. For example, in the classification of the 
Primates a comparison of the living tarsier with the existing lemurs 
suggests a contrast so pronounced as to justify a subordinal dis¬ 
tinction between tarsioids and lemuroids. But a study of prosimians 
of Eocene date has demonstrated that, in their dentition and skull, 
these early Primates may present such a mixture of characters as to 
suggest that tarsioids and lemuroids have originated (independ¬ 
ently of other groups of Primates) from a common ancestral stock. 
This inference finds expression in the inclusion in Simpson’s classi¬ 
fication of tarsioids and lemuroids in the same suborder, Prosimii; 
but their early evolutionary segregation is at the same time reflect¬ 
ed in their taxonomic separation into different infra-orders. So far 
as the Hominoidea are concerned, the taxonomic association of the 
Hominidae and the Pongidae in a common superfamily, Hominoi¬ 
dea, depends partly (as already noted) on the discovery of fossil re¬ 
mains showing what appears to be a considerable degree of struc¬ 
tural intergradation between the two families. 

7. The Quantitative Assessment op 
Taxonomic Relationships 

Apart from the problem of assessing general taxonomic rela¬ 
tionships by reference to morphological resemblances so far as 
these may be determined by direct comparisons, attempts have 
from time to time been made to estimate degrees of resemblance 
(and thus, it is assumed, degrees of aflSnity) on a quantitative basis. 
This biometrical approach is an attempt to facilitate and place on 
a strictly objective basis the comparison of one type with another. 
But unfortunately it is fraught with the greatest difficulties, the 
main one of which, no doubt, is the impossibility by known methods 
of weighting each individual character according to its taxonomic 
relevance. If the measurements of every single morphological char¬ 
acter of skull, dentition, and limb bones were of equal value for 
the assessment of zofilogical affinities, it might be practicable to 
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assess the latter in strictly quantitative tenns. But it is very well 
recognized that this is by no means the ease. It is well known also 
that the products of convergent evolution may lead to similarities 
(particularly in general over-all measurements and indices derived 
therefrom) which, if expressed quantitatively, would give an entirely 
false idea of .systematic proximity. Generally speaking, it is true to 
say that statistical comparisons of over-all ineasurenicntsand indices 
are of the greatest value in assessing degrees of affinity in fonns al¬ 
ready known to be quite closely related—e.g., subspecies or geo¬ 
graphical races—but they become of less and less practical value 
as the relationship becomes more remote and the types to be com¬ 
pared become nK)re disparate. This was made clearly evident in 
the pioneer studies of Pearson and Bell (83) on the femur of the 
Primates. For while their comparisons of the dimensions and in¬ 
dices of the femur in Recent man {H. sapiens) and his Paleolithic 
precursors (e.g., H. neanderthalensis and Pithecanthropus) clearly 
provide data of considerable value for assessing their relative af¬ 
finities, the phylogenetic interpretations which they give to their 
comparisons with lower Primates not only are very meager and 
tentative in relation to the vast amount of work which their analy¬ 
sis has entailed but are not always in accord with the paleontologi¬ 
cal evidence which has since become available.’ 

Since the original studies of Pearson and his colleagues, the ap- 
I)lication of biometrics to taxonomic inquiries has become common¬ 
place. But, because statistical methods are sometimes applied un¬ 
critically and without due appreciation of the morphological and 
phylogenetic basis of taxonomy or of the fundamentals of the 

7. But thu! is not to depreciate the iniportaiiee of the studies of Pearson and Bell. 
If there are faults in their work, they are the faults of pioneers applying their 
technique to a field with which they were not thoroughly conversant, and, of 
eour.se, their statistical methods have now in some cases been superseded by more 
reliable teehnique.s. They .specifically stated that their studies were to be regarded 
as experimental—to f»ec how much could be ascertained (in regard to systematic 
aflinitie.s) by the intensive biometrical study of single Imncs. It will probably be 
agreed that the results of thus experiment, relying on only a few indices baseti on 
over-all mea.surements and not taking into full acount .such factors a.s body size, 
were largely negative. But it will also be agreerl that it was an experiment well 
worth trying. 
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phenomena underlying the data to be measured, they have been 
open to criticism and are in serious danger of becoming discredited. 
For this reason it seems worth while drawing attention to a number 
of fallacies which are often overlooked by workers in this field, par¬ 
ticularly by anthropologists who are not morphologists by training 
or who are not statistical experts. They are listed here, not in any 
spirit of criticism, but in the earnest hope that, by their careful 
avoidance in the future, some common sources of confusion may 
be avoided in discussions on the evolutionary origin of man. 

THE FALLACY OP BELYING ON INADEQUATE 
STATISTICAL DATA 

One of the limitations of the biometric analysis of taxonomic 
characters depends on the fact that, if adequate statistical meth¬ 
ods are employed, the analysis of even a few measurements en¬ 
tails a very considerable amount of work. Consequently, there is a 
danger of relying on too few measurements, a danger which is, of 
course, very seriously increased if these happen to have little taxo¬ 
nomic relevance. The comparison of such measurements may lead 
to the statement that (say) a fossil bone or tooth shows no sig¬ 
nificant difference from that of H. sapiens, or perhaps from that 
of the Recent anthropoid apes. But, clearly, such a statement is of 
doubtful value (and may actually be very misleading) if at the 
same time account is not taken of other morphological features 
which may, in fact, be much more relevant for assessing affinities. 
An example of this difficulty is provided by the famous case of 
Hesperopithecus. This generic name was given to a fossil tooth 
found in Nebraska in 1922, on the assumption that it represented 
an extinct type of anthropoid ape. Part of the evidence for this 
assunij)tion was based on a comparison of the over-all measure¬ 
ments of the tooth with a series of ape teeth, for these metrical 
data established clearly that in this respect the fossil tooth falls 
within the range of variation shown in Recent apes (35). However, 
it was the critical eye of a comparative anatomist, with a long ex¬ 
perience of the examination and discrimination of paleontological 
material, which drew attention to certain “noiirnetrical” morpho- 
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logical details throwing serious doubt on the original interpreta¬ 
tion. As is well known, the tooth proved later to be that of a fossil 
peccary. This example, which has a certain historical interest in 
the field of Primate paleontology, is quoted here not in criticism of 
those who were responsible for the mistaken identification (there 
can be few paleontologists who have not erred in this way at some 
time or another!), but to emphasize that two or three over-all 
measurements of a tooth can express only an insignificant propor¬ 
tion of all those metrical elements which contribute to its shape as 
a whole. This applies also, of course, to .skulls or individual bones. 

THE FALLACY OP TREATING ALL METRICAL DATA AS 
OF EQUAL TAXONOMIC VALUE 

It has already been emphasized that morphological characters 
vary greatly in their significance for the assessment of affinities. 
Consequently, it is of the utmost importance that, in applying 
statistical methods, particular attention should be given to those 
characters whose taxonomic relevance has been duly established 
by comparative anatomical and paleontological studies. This prin¬ 
ciple of taxonomic relevance in the selection of characters for bio¬ 
metrical comparisons is one of great importance, but it is also 
rather liable to be overlooked. It may be asked how the distinction 
is to be made between morphological characters which are relevant 
or irrelevant for taxonomic purposes. The answer to this question 
is that each natural group of animals is defined (on the basis of data 
mainly derived from comparative anatomy and paleontology) by a 
certain pattern of morphological characters which its members 
possess in common and which have been found by the pragmatic 
test of experience to be sufficiently distinctive and consistent to 
distinguish its members from those of other related groups. The 
possession of this common morphological pattern is taken to in¬ 
dicate a community of origin (in the evolutionary sense) of all the 
members of the group, an assumption of which the justification is 
to be found in the history of paleontological discovery. But, as a 
sort of fluctuating background to the common morphological pat¬ 
tern, there may be a number of characters, sometimes obviously 


2.5 



Problems of Taxonomy 

aciaptive, which not only vary widely within the group but overlap 
with similar variations in other groups. Such fluctuating charac¬ 
ters may be of importance for distinguishing (say) one species 
from another within the limits of the family, but they may be of 
no value by themselves for distinguishing this family from related 
families. In other words, they are taxonomically irrelevant so far 
as interfamilial relationships are concerned. The .same applies to 
other major taxonomic categories such as superfamilies, .subfami¬ 
lies, and so forth. For example, among the lemurs the over-all 
dimensions (length and breadth) of the molar teeth may provide 
useful criteria for distinguishing between the various species and 
sub-species of the Galaginae or between tho.se of the Lorisinae, but 
they could not be expected to be of any value in differentiating be¬ 
tween these two subfamilies. 

So far as the Hominidae are concerned, the principle of taxo¬ 
nomic relevance may be illustrated by reference to the extinct 
gonm Pithecanthropus (see p. 88). The available evidence indicates 
that in this type the morphological features of the skull and jaws 
are very different from those of H. sapiens, while the limb skeleton 
is hardly distinguishable. Clearly, therefore, if the question arises 
as to whether the remains of a fossil hominid are those of Pithecan¬ 
thropus or H. sapiens, for taxonomic purposes the morphological 
features of the skull and jaws are the relevant characters to which 
attention should be primarily directed. In the study of fossils rep- 
re.senting early phases in evolutionary radiations, their affinities 
must be determined by a study of tho.se characters whose taxo- 
jioniic relevance may be inferred from a consideration of the main 
trends of evolution as demonstrated by comparative anatomical 
studies and by extrapolation from the fossil record, so far as the 
latter is available. For example, as we have already seen, the initial 
evolutionary segregation of the Hominidae from the Pongidae was 
almost certainly dependent on modifications related to the develop¬ 
ment of an erect bipedal gait (see Washburn, 109, on this point). 
Hence, in asse.ssing the affinities of the earlier repre-sentatives of 
the Hominidae (whose taxonomic position may be in .some doubt), 
the skeletal characters of the pelvis and hind limb are likely to be 
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of TJiucli greater importance than those of the forelimb. As we shall 
see later, also, the morphological details of the dentition are likely 
to be of much greater taxonomic relevance than the actual over-all 
dimensions of the teeth and jaws or the cranial capacity. As a fur¬ 
ther example of the principle of taxonomic relevance, we may refer 
to the dentition of some of the fossil repre-sentatives of the Pon- 
gidae. In these the inci.sor teeth are .so similar to those of Homo 
(and even H. sapiens) as hardly to be distinguishable. On the other 
hand, in all known pongids the canine teeth are (juite different. 
Obviously, therefore, in determining as between the pongid or 
hominid affinities of a fo.s.sil hominoid, the canines have a much 
higher degree of taxonomic relevance than the incisors. 

It perhaps needs to he emphasized that the principle of taxo¬ 
nomic relevance must also, of course, be taken into account in any 
attempt to assess the affinities of a fossil type from the biometrical 
study of a single skeletal element. For not all the dimensions or in¬ 
dices of such a specimen will have the .same taxonomic relevance, 
and some may have none at all for the particular comparison under 
consideration. The pelvic bone of the fossil Australopithecinae 
from South Africa (see p. 147) j)rovides a good example of this 
point, and it also illustrates the essential importance of distinguish¬ 
ing between those morjjhological characters which may be similar 
in two divergent evolutionary groups simply because they are in¬ 
herited from a common ancestry and those characters which rep¬ 
resent adaptive modifications peculiar to, and are thus distinctive 
and diagnostic of, cither one or the other of the two groups. The 
former type of character is obviously not taxonomically relevant 
for distinguishing the two groups (at least in the earlier stages of 
their evolutionary development); the latter type evidently has a 
high degree of taxonomic relevance. The australopithecine pelvic 
bone presents a most interesting combination of characters. Some 
of the.se are quite distinctive of the hominid (as oppo.sed to the 
pongid) line of evolution, such as the width-height ratio of the 
ilium, the development of a strong anterior inferior iliac spine, the 
orientation of the sacral articulation, the formation of a deep .sci¬ 
atic notch, and .so forth; and together they comprise a morphologi- 
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cal pattern which is evidently an adaptation to the mechanical 
requirements of an erect posture. On the other hand, there appear 
to be no characters which are definitely distinctive of the pongid 
(as opposed to the hominid) line of evolution. It is true that in cer¬ 
tain features the pelvic bone is rather more primitive than that of 
modern man, and in these particular features it does show some 
degree of resemblance to that of the modern anthropoid apes. But 
such a resemblance is clearly due to the retention of primitive fea¬ 
tures derived from a common hominoid ancestry and is thus not 
indicative of any real affinity with the modern anthropoid apes; 
this is made quite clear by the fact (as we have just noted) that, in 
those features in which the australopithecine pelvis has undergone 
modification away from the primitive ancestral type, the modifica¬ 
tion has followed the direction of hominid evolution and not of 
pongid evolution. It is these latter (positive) features, therefore, 
which are relevant for determining the taxonomic status of the 
Australopithecinae so far as the pelvic bone is concerned. 

In order to keep within reasonable limits the number of meas¬ 
urements to be used for the statistical comparison of a fossil bone 
or tooth with related types, the rational procedure is first to make 
direct visual observations, selecting for comparison just those 
features which are known to have taxonomic value for the problem 
in hand. In many cases differences or resemblances may be so ob¬ 
trusive as to obviate the need for statistical methods altogether. 
On the other hand, if differences and resemblances are not im¬ 
mediately apparent on visual inspection, special ad hoc measure¬ 
ments and indices may then be devised in order to test those char¬ 
acters which can reasonably be expected to be of value in the as¬ 
sessment of systematic affinities in any particular case. Only nega¬ 
tive results are to be anticipated if routine measurements of little 
or no taxonomic value are employed. 

THE FALLACY OF TREATING CHARACTERS SEPARATELY AND 
INDEPENDENTLY, INSTEAD OF IN COMBINATION 

This fallacy has recently been treated in some detail by Bronow- 
ski and Long (10, 11). They point out that a bone or a tooth is a 
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unit and not a discrete assembly of independent measurements and 
that to consider their measurements singly is likely to be both in¬ 
conclusive and misleading. The right statistical method, they em¬ 
phasize, must treat the set of variates as a single coherent matrix. 
This can be done by the technique of multivariate analysis, which 
is essentially a method (not possible with more elementary tech¬ 
niques) that can be used for comparing morphological patterns. In 
principle, the application of the technique is straightforward 
enough, but it requires care and discrimination, a sound knowledge 
of morphology, and also a considerable experience of statistical 
methods. A number of measurements or indices of a bone or tooth 
arc selected, which are judged on morphological grounds to be taxo- 
nomically significant; and from these the averages, variances, and 
correlations for a number of specimens are calculated. It is then 
possible to construct a numerical picture of the size and shape of 
the bone or tooth (and of the extent to which they vary), and-to 
express this as a discriminant function. Such functions may be u.sed 
for deciding whether (.say) a fo.ssiI hominoid tooth is more likely to 
belong to a pongid or a hominid type, provided, of course, that the 
particular discriminant functions already calculated for the two 
families are sufficiently distinct. Bronowski and Long have em¬ 
phasized the value of multivariate analysis by applying it to a con¬ 
troversial issue which had arisen in regard to certain teeth of the 
South African fossil genus Australopithecus, and they were able to 
resolve the controversy by demonstrating very positively their 
hominid character (.see p. 143). 

THE FALEACY OF INADEQUATE OE INACCUBATE 
STATISTICAL TBEATMENT 

This fallacy has been dealt with in part in the preceding .section. 
The possibility of inaccuracies of computation is one which needs 
to lie borne in mind, for cases have occurred in which such errors 
have led to rather serious misstatements and misunderstanding. 
The amateur statistician needs to check and recheck his calcula¬ 
tions so that there can be no possible doubt about the accuracy of 
his final figures. One of the disadvantages of scientific papers which 
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incorporate elaborate statistical analyses is that, since only the end- 
results of the calculations are usually published, the latter cannot 
be checked by the reader. It is not a little disconcerting to contem¬ 
plate the possibility that simple errors of calculation have oc¬ 
casionally occurred in the biometrical work of the nonprofe.ssional 
statistician, leading to results the falsity of which may not become 
apparent for some time. 

THE PIIINCIP1,E OF MORPHOLOGICAL EQUIVALENCE IN 
MAKING STATLSTICAL COMPARISONS 

Failure to understand this principle is perhaps one of the most 
serious sources of fallacy likely to affect statistical studies by those 
who are not thoroughly acquainted with the morphology of the 
skeletal elements with which they are dealing. A simple (but rather 
crude) example may be offered by referring to a measurement often 
employed in craniology—the auricular height. This is commoidy 
taken by measuring the maximum height of the skull (in the Frank¬ 
furt plane)* from the auditory aperture; and in comparing different 
racial groups of E. sapiens it gives an index of the height of the 
brain case at this particular level. But, in comparing H. sapiens 
with (say) the gorilla, it would clearly be misleading to employ the 
same technique, for in male gorillas the height of the skull is often 
considerably extended by the development of a powerful sagittal 
crest. If such a comparison were made, it would be a comparison of 
the height of the brain case in H. sapiens with the height of the 
brain case plus a sagittal crest in the gorilla and would have no 
meaning from the morphological viewpoint. This is, of course, an 
extreme example, but it is perhaps not fully realized that similar 
(if less obvious) fallacies may be incurred in other craniolnetrie 
work in which over-all measurements of the skull are commonly 
equated with one another. In comparing skulls of closely related 
groups, such mea.snrements may be sufficiently equivalent mor¬ 
phologically to make direct metrical comparisons valid. But if they 
are used to compare, say, a modern European skull with the skull 

8. The Frankfurt plane, and al.su .some of the anatomical landinark.s of the .skull 
to which reference is made in the text, are illastratcd in Fig. 2, p. 31. 
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iiiisleadiiig to compare the dimensions of the canine teeth in fossil 
hominoids of presumably male sex with the relatively small teeth 
of a female gorilla and to conclude therefrom that, in these par¬ 
ticular dimensions, the fossil teeth fall within the range of variation 
of those of Recent apes. The sex variation needs to he taken into 
account in such a case, as it does also in comparisons of morphologi¬ 
cal and metrical features of the skull and skeleton in general. 

The factor of body size in stati-stical comparisons is perhaps of 
even greater importance, for the reason that it has been overlooked 
much more frequently by physical anthropologists. Differences of 
proportions in the skull and skeleton in Primates of different size 
may be merely an expression of allometric growth, or they may be 
related to the mechanical requirements dependent on differences in 
body weight. In either case, of course, they may be of very little 
taxonomic importance (except perhaps in the determination of 
specific or subspecific distinctions). Thus in quadrupedal mam¬ 
mals the relative thickness of the leg bones is a function of the ab¬ 
solute size of the animal, for the strength of a bone as a supporting 
structure varies as its oro.s.s-sectiona] area (i.e., as the square of the 
linear dimensions of the animal), while the w'eight of the animal 
varies as the volume (i.e., as the cube of the linear dimensions). In 
heavier mammals, therefore, the leg bones are relatively thick, and 
their actual shaix; may thus be markedly different from those of 
lightly built (but still quite clo.sely related) types. Clearly, then, it 
may be very misleading to compare the “robusticity index” of (say) 
the femur in Primates of very different body size (e.g., hominids, 
apes, and monkeys) and then assume degrees of affinity or diver- 
gtmee without any reference at all to the body-size factor. The dif¬ 
ferences in shape of bones may be even more accentuated by the 
fact that in larger animals the mu.scular ridges, tuberosities, and so 
forth are much more powerfully developed. Nor docs this difficidty 
apply only to limb bones. In the skull it is well known that in close¬ 
ly related animals account must be taken of the factor of allomctry 
in comparing relative size of brain case and relative size of jaws; 
and variations in the proportion and indices of the.se stRictures 
may again be reflected in differences depending on the degree of 
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development of muscular ridges or of bony features which have 
developed in response to mechanical stresses. Thus, for example, 
it would be futile to compare cranial indices of a gorilla with those 
of a small monkey, with any idea of drawing taxonomic conclu¬ 
sions, unless factors of body size are first taken into account. For 
the same reason (though at first sight the case is a less obvious 
one) it would be misleading to make a direct comparison of cranial 
indices in the small and delicately built skull of a pygmy chim¬ 
panzee with those of a large and massive skull of a fo.ssil Aus¬ 
tralopithecus. And even in comparisons of modem human skulls of 
a single homogeneous .series, account needs to be taken of absolute 
size, for it is well established by biometrical studies that there is a 
significant correlation between form (as expressed in cranial in¬ 
dices) and absolute size. 

It can hardly be overemphasized that in comparing dimensions 
and indices of skull, limb bones, pelvis, or other skeletal elements 
of Primates generally, taxonomic conclusions must first be pre¬ 
ceded by an inquiry into all the complicating factors related to 
body size, an inquiry which may need elaborate statistical studies 
and which most certainly requires an intimate knowledge of the 
structural responses of skeletal elements to functional demands. 

TUB FALLACY OF COMPARING MEASUREMENTS TAKEN 
BY DIFFERENT OBSERVERS USING 
DIFFERENT TECHNIQUES 

The dangers of this fallacy have been emphasized again and 
again by biometricians, and the only excuse for mentioning it here 
is that it is still overlooked by some writers. If it is certain that the 
different observers are using identical techniques for recording 
their measurements, the latter may be employed for comparative 
studies; but they still need to be used with the greatest circumspec¬ 
tion (particularly in the case of very small objects, where measure¬ 
ments need to be accurate to a fraction of a millimeter). Where it 
is apparent that different observers are not employing preci.sely 
the same techniques, stati.stical compari.sons must necessarily be 
stultified. In anthropological craniometry attempts have been made 
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(with sotne success) to secure general agreement on the definitions 
of points and planes which serve as a basis for statistical measure¬ 
ments (see, for example, Buxton and Morant, 21). In regard to 
other elements of the skeleton and also the dentition, the virtual 
absence of standardization of metrical technique renders com¬ 
parisons between different observers very hazardous indeed. 

the fallacy of relying for assessment of affinities 

ON BIOMETRICAL ANALYSIS OF CHARACTERS WHICH 
MAY HAVE NO GENETIC BASIS 

It is not always recognized by anthropologists that, during the 
period of growth, bone is a very plastic material. That is to say, 
its form may be readily modified by the mechanical effects of pres¬ 
sure and traction of the soft parts immediately related to it and 
also by the effects of dietetic deficiencies or constitutional disturb¬ 
ances of one sort or another. This needs to be taken into account 
as a possible source of fallacy in the attempts which have some¬ 
times been made to assess the affinities of the various racial groups 
of H. sapiens on the basis of osteometric data, particularly in those 
cases where differences are so slight as to be detected only by statis¬ 
tical methods. So far as paleoanthropology is concerned, also, it 
is a factor which always needs to be taken into account when seek¬ 
ing evidence for the differentiation of geographical variants of the 
same general type. For example, it has been argued that the Java¬ 
nese and Chinese representatives of the Pleistocene genus Pithecan¬ 
thropus are taxonomically distinct because {inter alia) the thigh 
bone of the latter shows a flattening of the shaft {platymeria) which 
is not present in the former. But, apart from the fact that this is a 
feature which shows considerable variation within the limits of 
the single species //. sapiens, there is some sugge.stive evidence of 
an indirect nature that the ilegrce of flattening of the shaft may 
depend on nutritional factors (20). If this is so, it is not a genetic 
character which can be properly used for taxonomic reference. IIow 
far nutritional or other postnatal influences may iletcnnine minor 
differences in cranial or facial proportions is .still quite uncertain. 
It is for this reason, of cour.se, that in the study of modern popula- 
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tions physical anthropologists are now placing less reliance on the 
coinjmrisons of traditional anthropometry and are concentrating 
their attention on characters whose genetic composition is directly 
ascertainable and by reference to which racial groups can be clas¬ 
sified objectively on the basis of gene frequencies. 

8. The Importance of Geological Age for Determining 
THE Evoltitionary Po.sition of Fossils 

It is necessary to recognize the distinction between a morphologi¬ 
cal series linking one taxonomic group with another and a geologi¬ 
cal series representing a true temporal sequence. A graded mor¬ 
phological series, by itself, may be of direct importance in the 
determination of major taxonomic groupings, and it may also pro¬ 
vide indirect evidence of great value for a provisional asses.sment 
of phylogenetic relation.ships. But evolutionary lines of develop¬ 
ment can be finally determined only by the demonstration of an 
actual temporal sequence, and the latter can be established only 
if geological dating is secure. It is necessary to emphasize that 
anatomical studies hy themselves can, of course, provide no basis 
for asse.ssing geological age—this mu.st depend on the studies of 
geologists based on stratigraphic data, of paleontologists based on 
faunal evidence, and of archeologists based on cultural sequences. 
Of these different lines of evidence, that of geological stratification 
is undoubtedly the most important, for paleontological and arche¬ 
ological evidence of the antiquity of fossilized remains is essentially 
derivative, being itself ultimately ba.scd on stratigraphic data. So 
far as hominid paleontology is concerned, it is unfortunate that 
the geological evidence of antiquity has so often been equivocal, 
mainly for the reason that the fossil remains have been discovered 
by chance and the stratigraphic eviilence obscured before there 
has been an opportunity for a systematic study of the site, or they 
have been found in the course of excavations by workers who were 
not qualified by training and experience to assess the geological 
evidence. 

T'ndoubtedly many of the unsatisfying controversies which in 
the jiast have been arou.scd by the discovery of hominid fossils 
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might have been avoided, had it been possible in the first instance 
to establish a dating with reasonable certainty. In the absence of 
any degree of certainty, there has been a tendency for some anato¬ 
mists to select that evidence for antiquity which seems best to fit 
in with the morphological status of the fossil. But this is a tendency 
which must be strenuously avoided, for it introduces a very ob¬ 
vious .subjective element. Naturally, if the anatomist finds from 
the study of a skeleton assigned to a great antiquity that it shows 
no significant difference from that of modern II. sapiens, he is en¬ 
titled to issue a caveat or perhaps to demand a more rigorous in¬ 
quiry into the evidence for geological age, but he is not entitled to 
ignore the evidence simply because it conflicts with his precon¬ 
ceived ideas of evolutionary history. On the other hand, if a fossil 
of primitive type is found in a deposit which is later in geological 
age than might be expected on the general evidence already avail¬ 
able, this need not tli.sturb conclusions previously accepted regard¬ 
ing its evolutionary position, for it is quite well recognized that 
archaic types may persist for long periods in some parts of the 
world after they have given rise to more advanced types elsewhere 
(see Pig. 1). For example, individuals of the genus Pithecanthropus 
certainly persisted into the Mifldle Pleistocene in the Par East, 
that is to say, at a time when II. sapiens (or the immediate pre¬ 
cursor of this species) was already in existence in Europe. A paral¬ 
lel example is also to be found in the evolutionary history of the 
Equidae, for .some representatives of the genus Parahippus are 
known to have survived into the Upper Miocene, although other 
representatives of the same genus had already given rise to the 
succeeding pha.se of equid evolution (Merychippus) by the Middle 
Miocene. 

These considerations have reference to a very common source of 
confusion and ncedle.s.s argumentalion in di.scussions on evolution 
(and particularly on hominid evolution) when the suggestion is 
made that a particular fossil type may be “ancestral” to a later 
type. Thus, if the j)roposition is put forward that Pithecanthropus 
is ancc'stral to II. sapiens, this does not, of course, mean (though 
some critics have evidently supposed it to mean) that the par- 
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ticular indiviciuals whose remains have actually been found in 
Java or China are claimed to be the direct ancestors of H. sapiens, 
or even that the local group or species of which they are represent¬ 
atives included ilirect ancestors. It means ordy to suggest that the 
genus as a whole provided the matrix which gave rise—perhaps 
elsewhere in the world and perhaj)S at an earlier time—to the pre¬ 
cursors of H. sapiens. Or, to put it another way, it means that, so 
far as their i)robablc morphological characters can be inferred in¬ 
directly from comparative anatomical and paleontological studies 
and also by analogy with what is known of the evolutionary history 
of other mammalian groujis, the ance.stor.s of H. sapiens would have 
resembled the known individuals of the Pithecanthropus group so 
closely as not to be generically distinguishable (though they might 
be .specifically distinct). Similarly, when it is suggested that Aus¬ 
tralopithecus may be ancc.stral to later hominids (and on the purely 
morj)hological evidence the suggestion is a perfectly valid one), 
it is not implied that the repre.sentatives of this genus found in 
South Africa are themselves the actual ancestors. The fact is that 
in their anatomical structure the South African fossils conform 
so closely to theoretical postulates for an intermediate phase of 
early hojtiinid evolution (based on indirect evidence) as to lead to 
the inference that the actual ancestral group could hardly be ge¬ 
nerically distinct. It is here a question of weighing the available 
evidence and estimating probabilities. Only when the paleontologi¬ 
cal record becomes much more fully documented by further dis¬ 
coveries, will it be permissible to make more definite statements 
on these particular problems. But, in any case, the chances of find¬ 
ing the fossil remains of actual ancestors, or even representatives 
of the local group which provided the actual ancestors, are so fan¬ 
tastically remote as not to be worth consideration. 

9. pKiMtTivK (or Generalized) and 
Specialized Giiaractbrs 

In di.scussions on possible relationships of certain fossil hominids 
to H. sapiens, the argument is sometimes advanced that they are 
too specialized in one or another anatomical feature' to have pro- 
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vided an ancestral basis for modern types. The suggestion here, of 
course, is that the development of some morphological character 
which is not present in H. sapiens, and wherein the latter appears 
to preserve a more primitive condition, implies an aberrant speciali¬ 
zation which precludes any consideration of an ancestral relation- 
.diip. In order to discuss the validity of such arguments, it is clear 
that'we need some definition of the terms “primitive or general¬ 
ized” and “specialized,” and we also need to consider whether a 
structural specialization by itself necessarily implies the impossi¬ 
bility of reversion to a supposedly more primitive condition. 

In studies of phylogenesis the distinction between morphological 
characters which are essentially primitive or generalized and those 
which may be regarded as divergent or specialized is commonly 
based on several considerations. In the first place, a study of the 
comparative anatomy of living types, particularly of those which, 
on the whole, are the most simply organized and occupy the most 
lowly position in a scale of increasing elaboration, may give an 
indirect indication of the relation between primitive and special¬ 
ized features. A reference to the earlier fossil representatives of the 
group will provide further evidence which may, indeed, be con¬ 
clusive if the fossil record is sufficiently complete to provide a 
closely graded sequence of evolutionary development. Detailed 
anatomical studies of the morphological characters concerned, 
with special reference to their embryological development, may 
add still further information. As a simple and very obvious ex¬ 
ample, we may take the morphological character of pentadactyly. 
This is juflged to be a primitive and generalized condition in mam¬ 
mals which has in some cases been replaced by specializations de¬ 
pending on the loss of one or more digits; the reasons for this as¬ 
sumption are a.s follows: In living mammals of a simple organiza¬ 
tion, and also in Heptilia (from which mammals were originally 
derived), pentadactyly is the general rule; paleontology has demon¬ 
strated that in the early precur.sors of those mammals which today 
have less than five digits pentadactyly was also a characteristic 
feature; and, la.stly, a detailed anatomical study of mammals with 
less than five digits may reveal, in the adult, vestigial remains of 
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those which have been lost in the course of evolution or, in the 
embryo, transient traces of these vanished structures. 

By the application of criteria such as these, it is usually possible 
to determine which characters can be designated as primitive or 
generalized and which are obvious specializations. For example, so 
far as the Hominoidea are concerned, it is certain that the gross 
elongation of the forelimbs in the Recent anthropoid apes (as¬ 
sociated with retrogressive changes in the pollex and modifications 
of the limb musculature) are specializations from the primitive or 
generalized Primate condition. The same may also be said of the 
profound modifications of the skull and skeleton for erect bipedal- 
ism in the Ilominidae. It may also be accepted, by the same line of 
reasoning, that the brachydont canine or the retrogressive changes 
in the last molar of H. sapiens are specialized features. 

The importance of making a general distinction between primi¬ 
tive and specialized characters depends on the fact that the latter 
may be taken to indicate divergent trentls of evolution, giving rise 
to more or less aberrant groups, and such aberrant groups, of 
course, are unlikely to bear an ancestral relationship to later- 
evolved groups in whieh similar specializations are absent. This 
consideration introduces us again to the much discussed question 
of the irreversibility of evolution. As already mentioned (p. 17), 
there is no need to debate this question here, for it has been ade¬ 
quately discussed elsewhere. The important point to recognize is 
that, while the principle of the irreversibility of evolution is per¬ 
fectly sound in its general ajjplication, it is not legitimate to use it 
as an argument against ancestral relationships in reference to 
isolated characters which may have quite a simple genetic basis 
and which are not obviously related to any marked degree of 
functional specialization. It is well known that some mutational 
processes may be reversible, for this has actually been demon¬ 
strated by genetic studies in the laboratory. It is also certain that 
individual morphological or metrical characters considered as 
isolated abstractions may undergo an evolutionary reversal; for 
example, the size of a tooth may increase and subsequently under¬ 
go a secondary reduction again (as demonstrated in the paleon- 
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tological record of the Equidae), or muscles may be developed as 
new morphological units and later disappear when the functional 
demand for them ceases to exist (as demonstrated by vestigial or 
atavistic appearances sometimes seen in the human body). In¬ 
stances of the loss of a character previously acquired are common 
enough in paleontology and may be termed “negative reversals” 
of evolution. On the other hand, a “positive reversal,” that is to 
say, the re-acquirement of a complicated or composite morphologi¬ 
cal character in its exact original form after it has been lost in the 
course of evolution must certainly be a rarity. For if the initial 
development of such a character has been the result of a mul¬ 
tiplicity of mutations or of a prolonged sequence of successive 
mutations, and if it has also been dependent on a great complexity 
of selective influences, the chances of its redevelopment will be so 
entirely remote as to be discounted altogether as a possibility. 
Reference may also be made to the line of argument followed by 
Ford (33), who points out that, as any evolving group becomes 
more and more specialized in adaptation to one particular mode of 
life, the possible variations which could be of use to it become pro¬ 
gressively restricted. “Finally,” he goes on to say, “it attains a 
state of ‘orthogenesis’ in which the only changes open to the 
species are those winch push it along the path it has already 
pursued.”*' In other words, it becomes more and more difficult, on 
the basis of the natural selection of heritable variations, for an 
evolving line to retrace its steps and thus reverse its evolutionary 
trends. 

But, while it is legitimate to exclude from ancestral relation¬ 
ship to modern types any fossil group which provides clear mor¬ 
phological evidence of an aberrant development obviously related 
to any extreme functional specialization, it is eciually important 
to avoid the as.sumption that any minor deviation from a .sup¬ 
posedly primitive condition must necessarily also be exclusive in 
the same .sense. For example, it has been sugge.sted that the devel- 

n. It need hanlly I>c said that, in using the term “nrthogcne.sis," Fonl is not 
referring here to the effects of an inherent tendency within the organism to evolve 
in a certain direction, but to the effects of what has been called "ortho-selection.” 
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opiuent of a sagittal crest on the skull of some of the Australo- 
pithecinae from South Africa (sec p. 135) would .debar these fossil 
types from consideration as possible ancestors of Homo- But there 
is no evidence that a sagittal crest is a morphological entity having 
a separate genetic basis; it is no more than the secondary result of 
a growth process depending on the combination of a small brain 
case with large jaws and large temporal muscles (it is “built up” 
by the further extension upward of these muscles when they have 
reached the limits of the cranial roof at the mid-line of the skull). 
Indeed, it is a character which would be expected to be present in 
the earlier, small-brained representatives of the Hominidae, for 
only as a result of the later expansion of the brain (and the con¬ 
comitant reduction of the jaws), would the temporal muscles dur¬ 
ing growth find adequate accommodation on the brain case itself 
without the need to build up a sagittal crest. It has also been ar¬ 
gued that the Pleistocene hominid genus Pithecanthropus could not 
be ancestral to II. sapiens because it was characterized by promi¬ 
nent supra-orbital ridges which are absent in H. sapiens and were 
presumably absent in the evolutionary precursors of the Homi- 
noidea. But it is too hazardous to draw such conclusions on such 
slender evidence; for, again, there is no theoretical or practical 
reason why, in the hominid sequence of evolution, the development 
and subsequent disappearance of prominent supra-orbital ridges 
should not be correlated with changing proportions of the jaws and 
brain case. And, in any case, nothing is known of the genetic basis 
of this particular morphological character. 

Granted that single mutations arc reversible in direction and 
that negative reversals are common phenomena of evolution, the 
question arises—how are we to determine from the study of the 
fossilized remains of a group of hominoids whether it has already 
attained to such a degree of specialization in its anatomical struc¬ 
ture that it must be regarded as a divergent or aberrant group 
having no ancestral relationship to modern tyiws? Surely, here it is 
a matter of assessing the total morphological pattern in tenns of 
the probable complexity of its genetic constitution and of gauging 
the degree to which morphological changes may have committed 
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the group to a mode of life which has restricted too far the oppor¬ 
tunities for selection in other evolutionary directions. Thus, for 
example, the structural adaptations of the modern anthropoid 
apes for a hrachiating mode of arboreal life—as shown in the modi¬ 
fications of the limb skeleton and musculature—have evidently 
become too extreme and too complex to permit them (with any 
probability) to revert to the more generalized structure which 
would be a necessary prelude for modifications in the opposite direc¬ 
tion of erect bipedalism. On the other hand, the large size of the 
molar teeth of the Australopithecinae and the heavy supra-orbital 
ridges of Pithecanthropus could certainly not be regarded as func¬ 
tional specializations of this type.'® 

We may formulate the general proposition, then, that if a fossil 
group shows structural changes which are evidently related to (and 
responsible for) functional specializations, and if the latter appear 
to have definitely committed it to one special mode Of life, it is to 
the highest degree unlikely that tlie group would be capable of a 
true evolutionary reversal. That is not to say, of course, that a 
specialized group of animals is incapable of changing its mode of 
life. For example, in the course of evolution an arboreal group 
may become adapted for terrestrial life and subsequently become 
adapted again for arboreal life. But in doing so, it does not revert 
to the more primitive or generalized structure of its arboreal an¬ 
cestors. Its terrestrial specializations are preserved and still further 

12. The functional aspect of specialization is perhaps more important for 
taxonomy than is often realized; for, in the assessment of phylogenetic relationship.s, 
taxonomists have sometimes tended to lay more stress on what are presumed to be 
nonadaptive characters than on obviously adaptive characters. But, in the first 
place, it has been questioned whether a character ever is nonadaptive in the sense 
that it has no relation whatever to the functional demands on the environment. It 
is true that hy itsdf a character may have no selective advantage, but it may be 
linked genetically w ith .some other charai'tcr w hich has. Second, a character which 
has no selective advantage may much more easily undergo a rapid change by muta¬ 
tional variations than one which is directly adapted to a special environment, 
for any sudden disturbance of the .second type of character might be presumed 
to place the animal at an immediate disadvantage. In other words, it might be 
expected that, in a given environment, obviously adaptive characters would 
actually be more stable and therefore of more importance for a.ssessing affinities, 
ammties. 
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modified away from the primitive condition to allow such a func¬ 
tional transformation. Apart from functional considerations, how¬ 
ever, it is also legitimate to discount the possibility of an evolu¬ 
tionary reversal if the morphological divergence from a more primi¬ 
tive condition can be assumed, on the basis of paleontological evi¬ 
dence, to be the cumulative effect of a long succession of small 
mutational variations exposetl to selective influences of a complex 
nature, or if there is reason to suppose (by analogy from genetic 
studies of living forms) that the morphological character concerned 
is the phenotypical expression of a genotype which is so complex 
that an evolutionary reversal could occur only as the re.sult of a 
multiplicity of mutational reversals. 

In spite of what has been said, it needs to be emphasized that 
the ultimate decision as to whether a fossil genus is ancestral to a 
Recent genus or not must be <letermined by the paleontological 
record, and this can be done only when the latter is known in suf¬ 
ficient detail. On purely itiorphological grounds (and without 
reference to the paleontological sequence), there is no certain ar¬ 
gument why H. neanderthalensis could not be ancestral to H. 
sapiens. Rut, in this particular instance (see p. 71), the fossil 
record shows clearly that such was not the case. Some of the early 
Miocene genera of the Pongidae may have been ancestral to the 
Hominidae—there likewise appears to be no valid morphological 
argument against this. But the solution of this particular problem 
must depend on the amplification of the fossil record by further 
discoveries. 


10. GeNEKAL CoNSlDEUATIONS 

We have been concerned in this chapter to draw attention to 
some of the more obvious sources of confusion which all too com¬ 
monly lead to misunderstandings and misrepresentations in discus¬ 
sions on hominid evolution. Undoubtedly, the failure to recognize 
the phylogenetic implications of taxonomic terminology has been 
responsible for much of this confusion, for the reason that there has 
been a tendency to use this terminology as though it were based on 
morphological definitions applied to living forms only. The loose 
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ciiii)loyinent of colloquial group terms is an even greater source of 
confusion. It is a remarkable fact that even in strictly scientific 
papers authors frequently use the terms “man” and “human’ 
without any attempt to define them, and it is clear, also, that they 
are used with very different meanings not only by different 
writers but also by the same writer in different contexts. The term 
“hominid,” again, seems to be used quite frequently as though it 
referred only to the large-brained genus Homo, whereas it should 
be strictly employed only as the adjectival form of the taxonomic 
term “Hominidae.” In other words, as we have tried to emphasize, 
it should be equated with the other familial categories of mam¬ 
malian classification and apply to the whole sequence of evolution 
which led to the development of Homo (and other hominid genera) 
from the time when this sequence became segregated from the re¬ 
lated family Pongidae. 

The assessment of genetic affinity by the comparison of mor¬ 
phological details of no more than portions of a fossilized skeleton 
(particularly if these are very fragmentary) obviously poses a most 
serious problem, for in many cases such comparative studies can 
lead only to inconclusive re-sults. Yet, because of their rarity, it is 
a matter of importance that all fossil Primate material should be 
subjected to intensive study and that some attempt should be 
made to assess the taxonomic status of each specimen, even though 
this may lead to no more than a provisional interpretation of its 
affinities. In the absence of an abundant fossil record, conclusions 
regarding lines of phylogenetic development must always be pro¬ 
visional; and, as the evidence accrues with new discoveries, they 
will need constant revision. Paleontologists themselves are quite 
aware of this, but it would be well that those less experienced in the 
study of fossils should recognize it also. For it is interesting to note 
in the literature of paleoanthropology that the polemical articles 
which seem so often to be evoked by new discoveries of primitive 
hominid fossils are contributed not so much by those with prac¬ 
tical experience of paleontology as by those in allied fields who may 
even have no personal acquaintance with the fossil material under 
discussion. In any case, however, it can hardly be emphasized too 
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strongly that, in assessing the taxonomic position of a fossil speci¬ 
men, account must be taken of the total morphological pattern 
(and not its individual units) which provides the reliable morpho¬ 
logical evidence on which zoological relationships can be deter¬ 
mined. The comparison of individual characters independently as 
isolated abstractions, instead of treating them as integrated com¬ 
ponents of a complex pattern, is i)erhap.s one of the main causes of 
the multiplicity of systems of cla.ssification of the Primates which 
are still to be found in the literature. 

Finally, lest some paleoanthropologists .should gain from this 
chapter an impression of an unduly critical attitude, it should be 
stated that not a few of the critiei.sms which have been enumerated 
apply as well to some of the writer’s own work as they do to that 
of others. 


CHAPTE1^ II 


Homo 


1. The Antiquity of Homo sapiens and the 
Problem op Neanderthal Man 

It is now generally agreed that all the modern races of mankind 
are variants of one species, Homo sapiens. So far as skeletal charac¬ 
ters are concerned (and these, of course, are the only anatomical 
characters available to the paleontologist), this species may be 
provisionally defined^ as follows: 

A species of the genus Homo characterized by a mean cranial 
capacity of about 1,350 cc.; muscular ridges on the cranium not 
strongly marked; a rounded and approximately vertical forehead; 
supra-orbital ridges usually moderately developed and in any case 
not forming an uninterrupted torus; rounded occipital region with 
a nuchal area of relatively small extent; foramen magnum facing 
directly downward; the consistent presence of a prominent mas¬ 
toid process of pyramidal shape (in juveniles as well as adults), 
associated with a well-marked digastric fossa and occipital groove; 
maximum width of the calvaria usually in the parietal region and 
axis of glabello-maximal length well above the level of the external 
occipital protuberance; marked flexion of the sphenoidal angle, 
with a mean value of about 110°; jaws and teeth of relatively small 
size, with retrogressive features in the last molars; maxilla having 
a concave facial surface, including a canine fossa: distinct mental 
eminence; eruption of pennanent canine commonly preceding that 
of the second molar; spines of cervical vertebrae (with the exception 

1. The diagnoses of species and genera which are offered in this thesis are intend¬ 
ed to be provisional only. It is hoped that they may be taken a.s a basts of discus¬ 
sion for iutenmtional agreement among paleoanthropologists, in order to avoid 
the contusions and niLsunderstandings which in the past have so frequently marred 
discussions on the origin of man. 
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of the seventh) nulimcntary; appendicular skeleton adapted for 
a fully upright posture and gait; limb bones relatively slender and 
straight. 

On the basis of the total morphological pattern comprised by 
these skeletal characters (and also on the basis of biometric com¬ 
parisons of over-all dimensions and of indices constructed there¬ 
from), it is possible to affirm that the populations of late Paleo¬ 
lithic times, so far as they are known from fossilized remains, all 
conform entirely with H. sapiens. In other words, the species ex¬ 
tends back in time at least as far as the beginning of the Aurigna- 
cian phase of Paleolithic culture,“ and this, at a conservative es¬ 
timate, means an antiquity of some 20,000 years. There is no known 
anatomical feature whereby the skeletal remains of Aurignacian 
(or Magdalenian) man can be distinguished from modern man, 
and, as is well known, the populations in Europe at this early time 
had already developed a highly complex culture. 

Apart from the problem of the antiquity of H. sapiens as a 
species is the problem of the antiquity of the modern races of man¬ 
kind as distinct geographical varieties. The definition of the word 
“race” is still a matter for actite discussion among anthropologists, 
and the loose employment of the term in common parlance, as well 
as the insinuations which have been linked with it by exponents of 
extreme political creeds, has not made it easy to secure agreement 
on this matter. It has to be recognized, moreover, that in zoological 
taxonomy generally there is still no complete agreement on the 
definition of the term “species,” let alone the definition of infra¬ 
specific categories, such as “demos,” “geographical races,” and 
“subspecies.” In any case the application of these tenns is bound 
to be somewhat arbitrary; for, on evolutionary principles, each of 
the hierarchical systems of categories must grade insensibly into 
another. In the coimse of evolution, local groups, isolated by geo¬ 
graphical or other barriers, will tend to undergo a gradual genetic 
diversification until they are sufficiently distinct to justify recog¬ 
nition as flifferent demes or races. With continued isolation, the 

2. A table .showing the probable relationships of successive Paleolithic cultures 
to the glacial and interglacial periods of the Pleistocene is shown in Fig. 3, p. 50. 
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latter acquire a more contrasted genetic differentiation which may 
he expressed by placing them in separate subspecific categories. 
A continuation of the same process leads ultimately to the estab- 


GEOLOGICAL PERIODS 


CULTURAL PERIODS 


HOMINIDAE 


Holocene 


Mesolithic 
Neolithic and 
later_ 


4th qiaciation 

(Wurm). 


3rd Interqiacial period 

(Riss-Wurm), 


3rd qiaciation 
(Riss) 


Mapdolenioni 
Auriqnaclan ) 
Mousterion "3 


^cheullan 


2nd InterqlQCial period 

(Mindel-Riss). 




1st InterqlQCial period 

(Ciinz-Mindel). 


VAbbevillian 


Ist qiaciation 

(GOnz). 


Villafranchian 




Sl- § 


Rg. 3.—Table showing the probable relatioii.ships of successive paleolithic eul- 
lurtis and of diflfcrent type.s of the Hominidae to the glacial and interglacial periods 
of the Pleistocene. It should be noted that these periods lasted for varying length.s of 
time. The second interglacial period, for example, was much more prolonged than 
the first and third, and the Villafranchian periorl may have lasted n.s long as the 
whole of the rest of the Pleistocene, For further amplification of paleolithic cultures, 
reference .should lie made to Man Ihe Toolmaker liy K. P, Oakley (“British Museum 
Pulrlicalions” [1952]). 

lishment of sejtarate .species. Thus, in the evolutionary .sen.se, a 
geographical race is a potential subspecies, and a subspecies is a 
potential species. Since all the available evidence shows that in 
the cour.se of progressive differentiation the transition from lower 
to higher categories in the taxonomic scale is a gradual one, it is 
not to be expected that these categories can be defined with any 
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clear-cut precision If the definition of a subspecies offered by 
Mayr (69) is accepted, i.e., a geographically localized subdivision 
of the species which differs genetically and taxonoraically from 
other subdivisions of the species, then the major races of mankind 
today are properly to be regarded as subspecies (equivalent, that 
is to say, with subspecies of other vertebrate si)ecies).® Of course, 
in recent centuries the factor of geographical isolation has become 
grossly disturbed, with the result that interbreeding (particularly 
along regions of territorial overlap) has jmaluced intergradations 
between one major race and another and thus has tended to obscure 
genetic and phenotypic contrasts which must at one time have been 
more abrupt. A similar process of hybridization between subspecies 
among animals in the wild state is well recognized by zoologists. 
For example, instances have been recortled among birds where, 
following a breakdown of ecological barriers or other isolating 
mechanisms, two closely related subspecies freely interbreed, with 
the resulting development of new hybrids. In the course of time 
such a process may obliterate sub.specific differences which fonnerly 
existed; but this, of course, does not invalidate the application of 
the term “subspecies” in reference to the interbreeding communities 
while the latter still exist in the main as recognizably distinct 
groups. 

The determination of the evolutionary differentiation of the 
major races of H. sapiens presents exceptionally difficult problems 
for the paleontologist. These races may be distinctive enough in 
the flesh, but the anatomical distinction between one and another 
is not reflected to anything like the same degree in the bones. While 
they are recognizable by a number of external (and seemingly 
rather superficial) characters, .such as skin color, hair texture, and 

3. Some zoologists, arguing from the definition of a apeeie^ as a taxonomic group 
which, if it doe.s iiiterbreetl with a related species, does not usually produce fertile 
offspring, would limit the application of the term saiopeciM to groups already .suffi¬ 
ciently distinct genetically to impose difficulties which prevent (or, at any rate, 
limit) full hybridization. Such a definition clearly does not apply to allthow; group¬ 
ings which are accorded aubspecific rank by zotiloglsts. On the other hand, if the 
definition is accepted, the major races of mankind are pn)bably to be regarded as 
something less distinct than sulxspecie.s. 
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nose form, they are by no means so easily distinguishable by ref¬ 
erence to skeletal characters alone—at least, not in the case of 
individual and isolated specimens (which are usually all that paleo¬ 
anthropology has to offer). It may, indeed, be possible to identify 
a skull of a modern Negro, an Australian aboriginal, or a European, 
in individual cases where the racial characters are exceptionally 
well marked; but the variation within each group is so great that 
skulls of each type may be found which are impossible of racial 
diagnosis. This difficulty may be illustrated by reference to the 
well-known skulls from the late Paleolithic sites of Grimaldi and 
Chancelade, on the significance of which there has in the past been 
considerable controversy. 

The Grhnaldi skulls had been held by many anthropologists to 
be quite definitely Negroid in type, and they were commonly ac¬ 
cepted as good evidence of the existence of a Negroid race in 
Europe during Aurignacian times. Yet others, also from a study of 
the actual remains, have pronounced categorically that they show 
no real evidence of Negroid affinities but are simply variants of 
the “Mediterranean race” which now inhabits southern Europe. 
The Chancelade skull, of Magdalenian age, had been compared by 
the famous anatomist Testut with that of an Eskimo, and this 
diagnosis was accepted by many reputable anthropologists. This 
conclusion, again, has been vigorously denied by equally distin¬ 
guished anthropologists, who maintain that it is but a variant of 
the Cro-Magnon type of H. sapiens. Now it is probable that there 
are no racial types in which the skull characters are more distinc¬ 
tive than Negroes and Eskimos; and yet experts fail to agree when 
faced with skulls whose claims to these types are in question. If a 
decision proves so difficult in such cases, it will be realized how 
much more difficult, or even impossible, it will be to identify, by 
reference to limited skeletal remains, minor racial groups with less 
distinctive characters. 

If there are difficulties in the identification of the skeletal re¬ 
mains of the fully differentiated racial types of today, these are 
very much enhanced when attempts are made to detect correspond¬ 
ing racial differences in prehistoric remains in which the charac- 
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teristie racial traits were presumably much less developed. Yet it 
has been argued by some anthropologists, on the basis of such 
ancient fossils, that the primary races of mankind had already 
begun their divergent differentiation as far back as the beginning 
of Pleistocene times. While there is no inherent improbability in 
such a thesis, the anatomical evidence on which it is based remains 
entirely inadequate. The shape of the incisor teeth and the presence 
of exostoses along the alveolar margin of the mandible, for example, 
are not sufficient to justify the conclusion that Pekin man was the 
forerunner of the Mongolian races to the exclusion of other racial 
types. There is likewise no distinctive character in the Rhodesian 
skull which permits the assumption that Rhodesian man was a 
proto-Negroid (though, in some museums, restorations of this fos¬ 
sil man are provided with typical Negroid features and hair of the 
usual Negroid type). 

It has unfortunately to be recognized, then, that there is as yet 
no sound paleontological evidence by which the antiquity of the 
infra-specific groupings of modern man can be satisfactorily de¬ 
termined. There is certainly no evidence that modern racial dif¬ 
ferentiation had become fully established before the terminal phase 
of the Pleistocene period, and it seems probable that it then pro¬ 
ceeded with considerable rapidity. The local geographical areas 
where, as the result of temporary isolation, the genetic diversifica¬ 
tion first occurred which gave rise to the major races are unknown, 
or can only be indirectly inferred by a consideration of their 
present-day distribution. No fossil skeleton of indisputable 
Pleistocene date has yet been discovered which can be certainly 
identified as of Negroid or Mongolian stock, and the skulls of 
Australoid type found at W'adjak, Talgai, Cohuna, and Aitape 
have all been assigned a Pleistocene date on evidence which is re¬ 
garded by some authorities as geologically inadequate. On the other 
hand, the skeletal remains of Aurignacian and Magdalenian date 
which have so far been discovered in Europe not only are indubita¬ 
bly those of H. sapiens but are actually not distinguishable, on 
present evidence, from modern Europeans. Mention should be 
made of a number of fossil skulls of modern human type found in 
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Africa, C'hiiia, and America and dating from the terminal phase 
of the Pleistocene. Most of thf).se from Africa have been stated to 
be of a “Bushmanoid” type; those from America have been com¬ 
pared with the modern American Indians; while a presume<l family 
of three individuals from the Upper Pleistocene of Choukoutien 
(near Pekin) have been compared by Weidenreich (115) individu¬ 
ally with Mongoloid, Melanesoid, and Eskimoid types. In fact, 
however, it seems that the racial affinities of all these specimens 
are really indeterminate on the basis of such scanty material; and 
it may be questioned whether the opinions of those anthropologists 
who have described them were not influenced by the geographical 
locality in which they were found. 

The question now arises as to whether H. sapiens as a species 
has a still greater antiquity than the Upper Pleistocene. From 
time to time in the past, claims for a remote antiquity have been 
made for skulls and skeletons of modern human type. The famous 
Galley Hill remains—found as long ago as 1888 in Middle Pleis¬ 
tocene gravels of the 100-foot terrace of the Thames—were ac¬ 
cepted for many years by some authorities as contemporaneous 
with the deposits from which they were disinterred. The Ipswich 
skeleton, found beneath 4 feet of boulder clay, was assumed to 
antedate the last glaciation of the Ice Age. In both these cases (us 
in a number of other reported discoveries of a similar character) 
the geological evidence of antiquity was actually quite inadequate; 
but, even so, it was seized with avidity by those who were par¬ 
ticularly anxious to bolster up arguments for the remote origin of 
H. sapiens. Such arguments were even used to refute the general 
conception of human evolution by antievolutionists, for the latter 
argued that, since human remains of modern type evidently ante¬ 
dated more primitive types which were regarded as ancestral to 
H. sapiens, they upset the morphological sequence which was sup¬ 
posed to provide the essential evidence for human evolution.'In 
the case of the Ipswich skeleton, the initial claim for its antiquity' 
was subsequently shown to have been based on a misinterpretation 
of the geological evidence, and the skeleton is now regarded as a 
secondary intennent (probably of relatively recent date). The 
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real nature of the Galley Hill skeleton has only lately been deter¬ 
mined by the analysis of its fluorine content (81), from which it is 
now quite evident that the skeleton is also of no great antiquity— 
perhaps the remains of a burial in Neolithic times. 

Since the method of estimating the relative age of fossil bones by 
fluorine analysis has proved in recent years to be so valuable, it is 
appropriate to make further reference to it here. Many years ago 
it had been demonstrated that the fluorine content of fossil bone 
increases with geologic age. This is due to the fact that, by a proc¬ 
ess of ionic interchange, fluorine is slowly taken up from the soil in 
which the bone is imbedded and becomes fixed in the form of a very 
stable compound, fluorapatite. The amount of fluorine found in a 
fossil bone thus increases with time and gives an indication of the 
period over which it has lain in position in a particular geologic 
deposit. But the amount of fluorine taken up also depends, of 
course, on the amount of fluorine in the soil. If the latter is rich in 
fluorine, any bones imbedded in it may become so rapidly satu¬ 
rated that a fluorine analysis is of little use in estimating its age. 
It must be emphasized, therefore, that the analysis permits an 
estimation only of the relative antiquity of fossil material from the 
same deposit. Thus it does not permit a comparison of the relative 
(or the absolute) antiquity of fossilized bones derived from dif¬ 
ferent deposits in which the fluorine content of the soil may vary 
widely. But in a case where, in the same geologic deposit, a human 
skull is found in association with the skeletal remains of extinct 
mammals of known antiquity, the fluorine test may provide evi¬ 
dence of the utmost importance for determining whether they are 
all contemporaneous (that is to say, whether they were initially 
placed in the deposit at approximately the same period of time). 
If, on the other hand, the human skull represents part of an ar¬ 
tificial interment at a much later time, this would at once be 
demonstrated by its low fluorine content as compared with in¬ 
digenous fossil bones. The method of fluorine analysis has been 
developed and applied (particularly by Oakley, 79) in a numl)er of 
doubtful and disputed discoveries of human remains to which 
some authorities had attributed a high antiquity. 
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In the case of the Galley Hill skeleton, the fluorine content was 
found to average 0.34 per cent. This compares with a range of 
L7-2.8 percent in Middle Pleistocene bones from the same region, 
0,9-1.4 per cent for Upper Pleistocene material, and 0.05-0.3 per 
cent for Holocene bones. The differences are sufficiently marked to 
justify the firm conclusion that the Galley Hill skeleton “was not 
indigenous to the Middle Pleistocene gravels in which it lay, but 
a burial of later date—^prehistoric, but probably post-PIeistocene” 
(Oakley and Montagu, 81). Thus, after more than fifty years of 
argument this way and that on the basis of inadequate geological 
evidence, the ([uestion has now been finally settled by fluorine 
analysis, and no better example could be adduced to illustrate the 
value of this crucial test.'* 

Apart altogether from those fossilized remains of H. sapiens 
whose antiquity must remain entirely dubious because they are 
so inadequately documented,® there are now available a small 
number of specimens apparently of this species which can be as¬ 
signed with reasonable assurance to the Middle Pleistocene or the 
early part of the Upper Pleistocene. But before considering these, 
it is convenient to give some attention to what is generally regarded 
as a distinct species of Homo (H. neanderihalensis), which formed 
rather a localized geographical group occupying the continent of 
Europe (and possibly adjacent regions) during the last glaciation 
of the Ice Age. 

2. Homo neanderthalensis 

Since the discovery of a skull cap and portions of the limb skele¬ 
ton in the N’eanderthal cave (near DUsseldorf) in 1850, “Neander- 

4. It is intcmsliiig to note that Pearson and Bell (83), as a rc.sult of their bio¬ 
metric studies, coticluded that the Galley Hill femur is distinct from that of Recent 
wan. However, the Recent material on which they relied tor their comparison wa.s 
actually limited to a sample of the seventeenth-century Imndon population, whereas, 
of course, “Recent man" must be assumed to include all modern race.s, as well a.s 
Neolithic man. This conclusion of Pearson and Bell is an illustration of the fallacy 
of extrapolating from the special to the general in biometrics (see p. 0, n. 1). 

5. These dubious specimens include some skulls of modern type from Italy, 
South America, and elsewhere, to which have been attributed a vast antiquity 
(but which are now entirely discredited) and certain .skulls and jaws from East 
Africa whose geological dating still needs confirmation. 
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thal man” has now become recognized by most anthropologists as 
representing a distinct group of the genus Homo which became dif¬ 
ferentiated probably in the Middle Pleistocene period but did not 
survive the end of the Pleistocene. Following on the earlier dis¬ 
covery, other specimens of the same type of Homo have been de- 
•scribed from a number of sites in Europe, e.g., Gibraltar, La 
Ghapelle-aux-Saints, La Quina, Spy, La Ferrassie, Monte Circeo, 
Le Moustier, La Naulette, and Jersey. All these fossil specimens 
were almost certainly contemporaneous with the later part of the 
Mousterian period of Paleolithic culture® and were representatives 
of a jmpulation which lived during the fir.st phase of the last gla¬ 
ciation (VVUrm I) of the Ice Age. This population is sometimes 
referred to as “Neanderthal man” or “Mousterian man” (though, 
actually, it is characteristic only of the later Mousterian period). 
The cranial characters and such elements of the postcranial skele¬ 
ton as are available have been studied in very considerable detail 
by a number of competent anatomists, and there is a general con¬ 
sensus of opinion that the differences from H. sapiens which they 
vshow are sufficiently consistent to justify at least some degree of 
taxonomic distinction (see Fig. 4). The diagnostic characters of 
the group may be defined as follows. 

The skull is distinguished by an exaggerated development of a 
massive supra-orbital torus, forming an uninternipted shelf of 
bone overhanging the orbits (with complete fusion of the ciliary 
and orbital elements); absence of a vertical forehead; marked flat¬ 
tening of the cranial vault (platycephaly); relatively high position 
of the external occipital protuberance and the development (usual¬ 
ly) of a strong occipital torus; a massive development of the naso¬ 
maxillary region of the facial skeleton, with an inflated appearance 
of the maxillary wall; a heavy mandible, lacking a chin eminence; 
a pronounced tendency of the molar teeth to taurodontism (that 
is, enlargement of the pulp cavity with fusion of the roots);' a rela- 

G. There is some doubt about the skull found at Le Moustier, but it conforms 
quite closely in its anatomical features to the several other skulLs of Mousterian 
date found in the same region in southwestern France. 

7. Some degree of taurodontism has been reported a.s an occasional variant in 
II. sapiens, though rarely showing the extreme condition to be found in some repre¬ 
sentatives of later Mousterian man. Nevertheless, the character of taurodonti.sm by 
itsdf is not definitely diagno.stic of II. neanderthalensis. 
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PiQ. 4 ,_xhe skull of (-4) Homo neanderthdenm (Monte Circeo) compared with 

(B) that of Homo sapiens. Approximately oiic-third natural size. (Pictorial compari¬ 
sons of this sort naturally have the disadvantage that they compare only individual 
specimens. But they do at least convey to the reader a general idea of contrasts and 
similarities.) (Fig, 4, A, by courtesy of the Trustees of the British Museum.) 
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lively wide sphenoidal angle of the cranial base (about 130°; see 
Pig. 7, p. 73); angular contour of the occiput; certain morphologi¬ 
cal details of the ear region of the skull (including the rounded or 
transversely elliptical shape of the auditory aperture, the conforma¬ 
tion of the mastoid process, and of the mandibular fossa); a slightly 
backward disposition of the foramen magnum; and a large cranial 
capacity (1,300-1,600 cc.).* The limb skeleton is characterized by 
the coarse build of the long bones (which show pronounced cur¬ 
vatures and relatively large extremities) and by certain of the mor¬ 
phological details of the talus and calcaneus bones of the ankle, 
which are said to be somewhat “simian” in character. In addition, 
the vertebrae of the cervical region of the spine show a striking 
development of the spinous processes, wherein, also, an approach 
is shown to the anthropoid apes. 

All these morphological factors are not known for certain to 
have been present in all the Mousterian remains listed earlier; for 
some of the latter are represented only by fragmentary skulls. 
Here we have exemplified one of the inherent difficulties of much 
paleontological work—the attempt to define a taxonomic group on 
the basis of skeletal remains which are rarely complete (or any¬ 
thing like complete) in individual specimens. It is a difficulty, how¬ 
ever, which constantly has to be met as best may be (even if only 
on a provisional basis) by reference to such material as is available 
up to date. Fortunately, in the present instance the total morpho¬ 
logical pattern presented by the cranial and skeletal characters 
just enumerated is rather distinctive: it is not to be found in any 
of the races of modern man. Also, very fortunately, the cranial 
characters have been analyzed and assessed on a statistical basis 
in a systematic study by Morant (72). This author emphasizes a 
number of metrical features in which the skull differs from that 
of H. sapiens —for example, the skulls are “particularly charac¬ 
terized by the absolutely and relatively large size of the facial skele¬ 
ton”; and a comparison of the relevant measurements is sufficient 
to show that the form of the facial skeleton “dissociates the type 

8. For an amplification of these morphological details see Keith (46, 47), Boule 
and Vallois (9), and Howell (41), 


59 



Homo 


from the homogeneous one of modern man”; nearly all measure¬ 
ments designed to assess the sagittal flattening of the cranial vault 
“relegate the Mousterian skulls to positions which are entirely out¬ 
side the inter-racial distributions for modern man”; the axis of the 
foramen magnum is more deflected from the vertical (owing to a 
rotation of the occipital bone) than in modern types; the skulls are 
“distinguished from all modem types by having a greater trans¬ 
verse flattening of the vault, more vertical walls and a height that 
is peculiarly small in proportion to the breadth ; and as regards 
the breadth-length indices of the separate frontal, parietal, and 
occipital bones, “some fall entirely outside the inter-racial range 
for modern skulls,” Morant concludes finally that available 
measurements of the skulls of Mousterian man indicate that the 
type was remarkably homogeneous” and that “between it and all 
modern racial types there is a distinct hiatus, which may be taken 
to indicate a specific difference.” 

If to these distinguishing metrical characters are added the dis¬ 
tinguishing morphological details already enumerated, it seems 
justifiable to accord a specific rank to later Mousterian man, and 
for this purpose the well-recognized taxonomic category of H. 
neanderthalensis may he conveniently employed. Certainly, the 
skeletal differences from H. sapiens are of much the same order as 
those which have been accepted as valid evidence of .specific dis¬ 
tinction in other groups of Primates. The taxonomic distinction of 
H. neanderthalensis is still further emphasized by the fact that its 
specific characters are already manifested in the skulls of im¬ 
mature individuals;® this provides evidence of a pattern of growth 
which is fundamentally different from that of the skull of H. sapi¬ 
ens. The Mousterian fossil remains which are assignable to H. 
neanderthalensis on the basis of these metrical and morphological 
criteria .seem to have represented a comparatively isolated group 
occupying a restricted geographical area for a limited period ol 
time during the first (and most severe) phase of the last glaciation. 
Indeed, it may well have been the isolation caused by the rigorous 

9. Juvenile skulls are known from Gibraltar, La Quina, Le Mousller, and Tc.shik- 
Tash. 
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climatic conditions which actually led to the differentiation of the 
species; for, as Clark Howell (42) has noted, “under this environ¬ 
ment selection would be severe, chance for genetic drift at an 
optimum, and opportunities for migration reduced to a minimum.” 
It is to the representatives of this particular group that the term 
“Neanderthal man” was originally applied. But the tenn has also 
been somewhat loosely applied to human remains of still greater 
antiquity (contemporaneous, that is to say, with the interglacial 
phase preceding the Wiirm glaciation, or even earlier), for the 
reason that in some of them the supra-orbital ridges are rather 
strongly developed and thus tend in appearance to approximate 
to those which form one of the characteristics of later Mousterian 
man. However, apart from the fact that this feature by itself would 
not provide an adequate criterion for a specific distinction, the 
supra-orbital ridges in the pre-Mousterian or early Mousterian 
representatives of Homo usually correspond more closely with 
those of II. sapiens in the tendency they show to division into 
medial (ciliary) and lateral (orbital) elements separated by a shal¬ 
low groove (.sulcus supra-orbitalis). This twofold composition of 
the supra-orbital ridges in H. sapiens is well recognized in those 
modern races in which the ridges are strongly developed; and Clark 
Howell rightly points out that in this feature some of the earlier 
skulls are very similar to Australian and Tasmanian skulls. In H. 
neanderthalensis of later Mousterian times, on the other hand, the 
ridges are specialized to form a continuous, uninterrupted torus. 

While the skulls of the pre-Mousterian or early Mousterian 
population in Europe in some cases have strongly developed supra¬ 
orbital ridges and, to that extent, present a “Neanderthaloid” 
appearance, they lack many of the morphological features which, 
taken in combination with one another as components of a total 
morphological pattern, may be regarded as diagnostic of the 
species H. neanderthalensis. As already noted, this pattern includes 
such features as the absence of a vertical or well-rounded forehead, 
the marked degree of platycephaly, the angular occiput, and the 
massive jaws. On the contrary, in the earlier skulls the forehead is 
found to be relatively well developed, the platycephaly much less 
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marked, the occiput is well rounded with rather weak muscular 
markings, and the jaws less massive (the maxillary wall having a 
hollowed, instead of an inflated, appearance). In other words, the 
skull as a whole approximates more closely to that of H. sapiens. 
In so far as they are known, also, the limb bones appear to be quite 
similar to those of modern man in their lighter construction and 
straighter shafts. 

When the remains of pre-lMousterian and early Moustcrian 
Homo are compared with H. sapiens, there seems no solid basis for 
making a specific distinction at all, in spite of the fact that some of 
them do seem to adumbrate certain of the distinctive features 
which later appeared in H. neanderthalensis and which form the 
basis of the taxonomic definition of this species. On the other hand, 
it has to be recognized that there is no sharp flelimitation between 
early Mousterian TI. sapiens and later Moustcrian H, neander¬ 
thalensis, for we seem to be dealing here with an actual e^’olutionary 
series in which a morphological gradation can be demonstrated to 
coincide with a temporal .sequence. It is to be expected, therefore, 
that taxonomic difficulties will arise in an attempt to classify inter¬ 
mediate stages of development.”’ Some authorities have suggested 
that Neanderthal man of later IVIousterian date may conveniently 
be referred to as the classic or extreme Neanderthal type, and his 
predecessor as the generalized Neanderthal type. As already noted, 
however, there appears (on the evidence at present available) to 
be no sound argument for distinguishing the so-called “general¬ 
ized” Neanderthal type from H. sapiens. For this reason, the ap¬ 
pellation “generalized Neanderthal,” though convenient for ref¬ 
erence, is likely to be misleading because it suggests a type which 
was antecedent only to H. neanderthalensis. On the contrary, the 
latter now appears, on the chronological evidence, to have been 

10. We may appeal again to the evolution of the Equidae for a parallel ca.se. 
Simpson (103) remarks that "ParaMppus arose in the early Miocene from 
hippus and its earlier species were, of course, very like that ancestor. The transition 
is markeil by the general establishment of clmracters that were already appearing 
in Miohippus a.s occasional variations." Precisely the same might be said of the 
evolutionary development of the specialized II. neanderthalensis from pre-Moustc- 
rian H. sapiens. 
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the product of an aberrant side line of evolution which branched 
off from the precursors of modern man when they had already 
reached a status not distinguishable morphologically from H. 
sapiens. 

It has been mentioned earlier that the evidence for an evolu¬ 
tionary series leading to the appearance of H. neanderthalensis is 
based partly on the demonstration of a temporal sequence of fossil 
remains. This has been summarized by Zeuner (12fi) in a short re¬ 
view on The Age of Neanderthal Man. It now appears that among 
the fossil remains which can, with some assurance, be assigned to 
the last interglacial period or earlier are those found at Steinheim, 
Font^chevade, Swanscombe, Ehringsdorf, Quinzano, Krapina, 
Saccopastore, and Mount Carmel (in part). Because of their an¬ 
tiquity (and the fact that they precede in time the extreme Ne¬ 
anderthal type), the.se fossils merit separate reference. 

3. Pre-Mousterian and Early 
Mousterian Homo sapiens 

As noted in the preceding section, H. neanderthalensis of later 
Mousterian date was evidently a collateral development derived 
from an earlier population whose morphological characters hardly 
justify a specific separation from H. sapiens. The evidence for this 
conclusion may be briefly reviewed by reference to individual fossil 
specimens. 

THE STEINHEIM SKULL 

In 1933 the Steinheim skull (Pig. 5) was found near a tributary 
of the River AVeimar (30 kra. north of Stuttgart) in interglacial 
gravels also containing remains of Elephas antiquus and Dicero- 
rhinus merckii. These gravels have been assigned by some to the 
third, and by others to the second, interglacial period. The skull 
is estimated to have a. cranial capacity of about 1,100 cc. and 
shows only a moderate degree of platycephaly. It also possesses 
strongly developed supra-orbital ridges, which appear to adum¬ 
brate the massive ridges so characteristic of the extreme Neander¬ 
thal type of skull of later Mousterian times (121). In neither of 
these characters, however, does it diverge to such a degree from 


63 



Homo 


H. sapi((ns as to warrant a specific distinction. The ample develop¬ 
ment of the forehead region, the rounded form of the occiput (with 
a low and rather feebly marked external occipital protuberance), 
the contour in horizontal section of the nasomaxillary region (with 
a hollowing of the maxillary wall), the relatively moderate dimen¬ 
sions of the facial skeleton, and the total morphological pattern 
presented by the mastoid process, tympanic plate, and mandibular 
fossa comprise a combination of morphological features which con¬ 
forms entirely with H. sapiens and contrasts with the skulls of H. 



Fig. 6. —The Steinheim skull (partly restored). Approximately one-third natural 
size. (By courtesy of the Trustee.s of the British Museum.) 

neanderthalensis. The somewhat low cranial capacity, also, comes 
well within the range of modern man, but in this feature again the 
Steinheim skull does not conform with the characteristically large¬ 
brained H. neanderthalensis. 

THE SWANSCOMBE SKULL BONES 

The Swanscombe skull bones were discovered in 1935 and 1936, 
24 feet below the surface in well-stratified gravels forming part of 
the 100-foot terrace of the Thames (105). These are definitely 
interglacial deposits, and the associated fauna includes Elephas 
antiquus, Dicerorhinus megarhinus, Megaceros, and Dama clactonia. 
Also associated with the skull_bones were found flint implements 
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which can with certainty be assigned to the early Middle Acheulian 
hand-ax industry (Acheulian III of Breuil). The geological, arche¬ 
ological, and faunal evidence is all consistent with the conclusion 
that the skull bones date back to the Mindel-Riss interglacial 
period. Finally, this has received some confirmation from a fluorine 
analysis of the bones (79), for the latter have been found to contain 
2 per cent fluorine (which equates well with the percentage found 
in the bones of extinct niannnals indigenous to the Middle Pleis¬ 
tocene terrace deposits at Swanscombe). Taking all the evidence 
into account, it may be affirmed that in no other example of Paleo¬ 
lithic man is the dating more completely attested than it is in the 
case of the Swanscombe bones.“ 

The Swanscombe “skull” (as it is sometimes called) consists 
only of the occipital and the left parietal bones (58). But these are 
extremely well preserved and articulate together perfectly. Since 
the sutures still remain open, the bones evidently belong to a young 
in<lividual of probably twenty to twenty-five years. The weakness 
of the muscular markings suggests the female sex. A careful and 
extensive biometric study by Morant (74) failed to reveal any 
measurement or index which differentiates the “skull” from that 
of Recent //. sapiens. The cranial capacity (as inferred by compara¬ 
tive studies of modern skulls whose occipital and parietal bones 
show similar dimensions and curvatures) was probably about 
1,325 cc. The basibregmatic height and maximum biparietal width 
are, indeed, rather greater than the jneans of the corresponding 
measuR'inents of female Briti.sh skulls. The inclination of the plane 
of the foramen magnum shows nothing exceptional. The occipital 
bone is rather unusually broad, but even this character falls within 
the range of variation of Recent European skulls. The endocranial 
cast jjrovides evidence of a richly convoluted brain, differing in no 
observable manner from that of modem man. Two features only 
of the skull bones may be exceptional—their thickness (particularly 

11. It will be agreed that, however sound the evidence for the antiquity of the 
Swanscombe bones may appear to be, this isolated discovery pointing to the exist¬ 
ence of II. najnens in Europe during the second interglacial period needs to be con¬ 
firmed (just because it u an isolated discovery) by the accession of further, and more 
complete, material. 
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in certain regions, such as the anteroinferior angle of the parietal 
bone and the cerebellar fossae of the occipital), and the excavation 
(in so young an individual) of the rostral surface of the basi- 
occipital by a backward extension of the sphenoidal air sinus. It is 
somewhat remarkable that no systematic studies have been under¬ 
taken to determine whether these features can, in fact, be matched 
in modern skulls. But even were this found not to be the case, it 
would still provide no justigcation for a specific distinction of the 
Swanscombe remains from H. sapiens. The facial region of the 
skull may have shown peculiarities, but it is reasonable to infer 
that if these had been of the extreme Neanderthal type they 
would certainly be reflected in the anatomy of the occipital and 
parietal bones. Morant has shown, that H. neanderthalensis can be 
distinguished from H. sapiens by the metrical characters of the 
parietal and occipital bones alone. This, however, is not the case 
with the Swanscombe bones. The imprint of the sphenoidal air 
sinus on the basioccipital suggests an extensive development of 
the accessory nasal air-sinus system, and this, again, suggests that 
the supra-orbital ridges may have been relatively large. But there 
is nothing to indicate that they were more pronounced than the 
supra-orbital ridges of the Steinheim skulk 

THE QUINZANO OCCIPITAL BONE 

The Quinzano occipital bone was found in cave deposits near 
Verona in 1938. The main interest of this fragment lies in its close 
resemblance to the occipital bone of the Swanscombe skull, as 
shown in its thickness, great biasterionic width, and the considera¬ 
ble asymmetry of the venous grooves. It was found in a Pleistocene 
stratum which also yielded Elephas trogontherii and Megaceros and 
implements of an archaic Mousterian type, recalling in their tech¬ 
nique the Clactonian and Ixjvallosian cultures. This fossil bone has 
been described by Battaglia (4), who refers it to the Riss-Wflrm 
interglacial phase (at the latest)—that is, to approximately the 
same antiquity as the remains of the Ehringsdorf and Font^chevade 
skulls. 
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THE FONT^CHEVADE SKULLS 

In 1947, portions of two skulls were found in situ by Mile G. 
Henri-Martin at a depth of 2.60 meters in a cave at Pontdchevade 
in southern Prance. The stratum containing these remains lies be¬ 
low deposits of Mousterian date and is separated from the latter 
by a layer of stalagmite which had been undisturbed. It contained 
implements of the Tayacian type (Lower Paleolithic), and a warm- 
temperate fauna characterized by Dicerorhinus merckii, Dama, and 
Testudo graeca. The archeological and faunal data are consistent 
with an antiquity corresponding to the last interglacial (Riss- 
WUrm) phase of the Ice Age. Pinally, the fluorine test showed the 
skull bones to contain 0.4-0.5 per cent fluorine, as compared with a 
range of 0.5-0.9 per cent for mammalian bones of Tayacian date 
and 0.1 per cent or less for human and mammalian bones from the 
superimposed Aurignacian level. As in the case of the Swanscombe 
skull bones, therefore, the evidence for the antiquity of the Pont4- 
chevade skulls seems to be well as.sured. Vallois’s study of the skull 
cap (Pont4chevade 11) and the fragment of frontal bone (Pont6- 
chevade I) makes it clear that there is no demonstrable difference 
from H. sapiens (107). The position of the upper angle of the 
frontal air sinus in the skull cap (and also the evidence of the 
frontal fragment of the other skull) make it perfectly certain that 
there was no strongly developed supra-orbital torus. The temporal 
lines are poorly defined and placed at a relatively low level, the 
general dimensions of the calvaria are within the range of modem 
human skulls (though the biasterionic width is unusually great), 
and the cranial capacity is estimated to have been well above 
1,400 cc. Apart from the biasterionic width, the skull bones are 
remarkable for their thickness, and in these two characters a rather 
striking resemblance is shown to the Swanscombe skull bones. 

THE EHBINGSDOKF SKULL 

The Ehringsdorf .skull (Fig. 6) was found in 1925 at a depth of 
54 feet in travertine deposits near Weimar, in association with fos¬ 
sil remains of Elephas antiquus, Dicerorhinus merckii. Bos, and 
Equus and with fossil evidence of a temperate forest flora. The con- 
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sensus of opinion assigns the skull to the latter half of the last inter¬ 
glacial period. The skull consists of the brain case only, and this 
has had to be reconstructed from a number of isolated fragments. 
However, there is little doubt that Weidenreich’s reconstruction 
(112) gives a reasonably accurate representation of the calvaria 
(though it does not permit complete accuracy of measurement of 
over-all dimensions). The supra-orbital ridge.s are heavily built 
and in this respect (like those of the Steinheim skull) show some 



PlQ. 6.—Tlie|)Pihringsdorf'skiill. ApproxIinnU'ly oiie-lliird iiaUind size. (By eour- 
te.sy of the Tru.stec.s of tlic British Mu-seum.) 

degree of approximation to the massive supra-orbital torus of H. 
neanderihalensw. On the other hand, the frontal region is filled out 
by a pronounced convexity to form a vertical forehead, the cranial 
vault is relatively high, and there is a well-developed pyramidal 
mastoid process. The cranial capacity has been estimated at about 
1,450 cc., but, in view of the damaged condition of the skull, this 
can be regarded as only a very rough approximation. If the 
Ehringsdorf skull is considered as a morijhological i)roblem in it.self 
(with the necessary qualiheation that the facial skeleton and the 
postcranial skeleton, if known, might lead to other conclusions), 
there is no valid argument for distinguishing it si)eeifieally from H. 
sapiens. It can certainly be stated that the calvaria approximates 
far more clo.sely to H. sapiens than does //. neanderlhalensis. 
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THE MOUNT CARMEL SKELETONS 

These important fossil specimens were found in caves on the 
slopes of Mount Carmel in Palestine, and they have been described 
in great detail by McCown and Keith (71). Those found in the 
Tabun cave were associated with a mammalian fauna suggestive 
of a fairly warm climate and (at a higher level) with fauna of a 
damper climate. The skeletons found in the other cave (Skhfll) are 
believed to be contemporaneous with the earlier Tabun specimens. 
According to Zeuner (120), the Mount Carmel population thus 
extended through the last interglacial period into the first phase of 
the last (Wtlrm) glaciation. The skulls all show a pronounced de¬ 
velopment of the siipra-orbital ridges, but they display a remark¬ 
able variability in the degree of development of other features 
which are characteristic of the extreme Neanderthal type of later 
Mousterian times. In the rounded and vertical forehead and the 
height of the cranial vault, some approximate closely to H. sa¬ 
piens; and this resemblance is enhanced by the rounded contour 
of the occiput, the strongly developed mastoid process, the smaller 
sphenoidal angle of the cranial base, the development of a distinct 
mental prominence on some of the mandibles, the moderate size of 
the facial skeleton (witli a hollowing of the maxillary wall), and 
the slender, straight-shafted limb bones. The striking variability 
of the Mount Carmel .skeletons had led some authorities to suggest 
that they represent a mixed population derived from the inter¬ 
breeding of H. sapiens and H. neanderthalensis. But this interpreta¬ 
tion (which has no other evidence to support it) has not been gen¬ 
erally accepted. On the contrary, taken in conjunction with the 
evidence prc.sented by other examples of pre-Mousterian man, 
they appear to repre.scnt a transitional .stage leading from pre- 
Mousterian H. sapiens to the later establi.shment of the definitive 
species H. neanderthalensis. It is therefore a matter of some un¬ 
certainty how the Mount Carmel population should be placed 
taxonomically. However, since the morphological characters re¬ 
garded as distinctive of H; neanderthalensis were evidently not 
completely stabilized in this population, it is probably more ap¬ 
propriate to regard it as representative of an early type of 11. 
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sa-piens —equivalent in status, therefore, to the remains from 
Steinheim and Ehringsdorf. 


THE KRAPINA SKELETAL REMAINS 

The Krapina skeletal remains were found in the floor of a rock 
shelter in northern Croatia, and the first results of their study were 
reported in 1901 by Gorjanovi6-Kramberger (84). The basal strata 
(in which the human remains Avere found) are fluviatile, but the 
floor of the cave today is 25 meters above the level of the present 
river. In the same strata were found the remains of a warm inter¬ 
glacial fauna, including DicerorMnus merckii. It is now generally 
agreed that the deposit belongs to the last interglacial period and 
is probably contemporary with the Ehringsdorf site. The human 
remains are numerous but fragmentary; they include portions of 
several skulls, many teeth, and parts of the postcranial skeleton. 
All the adult skulls show a strong development of the supra-orbital 
ridges,, and in a number of other features, such as the sloping fore¬ 
head, powerful jaws, and small mastoid process, some of them ap¬ 
proximate to Neanderthal man of later Mousterian date. On the 
other hand, the skulls show a considerable degree of variation, for 
in some the frontal region is closely similar to that of H. sapiens, 
and the skull vault is relatively high. The limb bones, also, arc not 
distinguishable (as are those of H. neanderthalensis) from H. sapi¬ 
ens. The taxonomic position of the Krapina population is thus un¬ 
certain, It may possibly (like the Mount Carmel people) represent 
a transitional stage leading to the final establishment of the spe¬ 
cific distinctions found in H. neanderthalensis, the characters and 
the morphological features of the latter appearing only as irregular 
variations. 

THE SACCOPASTORE SKULLS 

The Saccopastore skulls were found (in 1929 and 1935) in a 
river deposit on the bank of a small tributary of the Tiber, at 
depths of 6 and 3 meters, respectively. In the same deposit were 
found remains of Elephas antiquus and Hippopotamus, and there 
can be little doubt that the human remains date back to the last 
interglacial period. The skulls show a strong development of the 
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supra-orbital ridges, some degree of platycephaly, and a rather 
massive maxilla with reduced canine fossae. In these features it 
shows some of the characteristics of H. neanderthalensis. By con¬ 
trast, however, the cranial capacities are relatively low (ca. 1,200 
and 1,300 ce.), the foramen magnum is advanced in position, as in 
H. sapiens^ the sphenoidal angle of the cranial base is small (101°- 
105°), the occiput is well rounded, and the dental arcade is quite 
similar to that of modern man (with a marked reduction of the 
last molar tooth). Sergi (who has published detailed descriptions of 
the Saccopastore material) expre.sses the opinion that the remains 
represent an initial pha.se in a progressive development which later 
led to the specialized //. neanderthalensis (97, 98). 

4. RksuMfe OF THE Relationships of 
Homo neanderthalensis 

The problem of “Neanderthal man” has been the cause of much 
controversy for many years. As already noted, the term was in the 
first instance applied to the remains of the later Mousterian popula¬ 
tion in Europe which was contemporary with the first part of the 
last glaciation of Pleistocene times and M’hich, on morphological 
and biometric evidence, has been accepted by many authorities as 
a species, H. neanderthalensis, distinct from H. sapiens.'^-^ Among 
the several distinctive features of the skull in this population is the 
enormous development of the supra-orbital ridges, which are 
united to form a continuous torus. When skulls of earlier date were 
later discovered, the term “Neanderthal” was also commonly ap¬ 
plied to them, simply for the reason that they also display a strong 
development of the supra-orbital ridges. But, as we have seen, they 
do not consistently present the combination of other cranial and 
skeletal characters which have come to be regarded as forming a 
total morphological pattern distinctive of the species H. neander- 

12. The recognition of a specific distinction on the basis of a fossil record which 
is by no means complete must, of course, involve on element of doubt. But the 
chronological evidence at least indicates rather strongly that U. neanderthalenda was 
a typical divergent radiation in process of speciation, even if this process had not 
become quite complete in the genetic sense by the time this group of Paleolithic man 
became extinct. 
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thalemis. The taxonomy of the earlier remains has therefore been 
in some doubt. The clarification of the problem has been made 
possible by the tabulation of the relative chronology of the Mous- 
terian and pre-Mousterian remains by Zeuner (arranging them in 
two separate groups, one of which can be referred with reasonable 
certainty to the last glacial period and the other to the preceding 
interglacial period), and by a consideration of their morphological 
characters by Clark Howell. Zeuner’s study has proved of con¬ 
siderable importance for the reason that he based his relative 
chronology entirely on the evidence provided by geological strati¬ 
fication, archeological data, and faunal associations, and without 
reference to the morphological characters of the remains them¬ 
selves. Thus he avoided the bias of some other students, who have 
allowed their assessment of relative antiquity to be influenced by 
preconceived notions that H. neanderthalensis was essentially a 
primitive type of Paleolithic man presumed to be antecedent to 
H. sapiens.'^ On the other hand, Clark Howell, making use of 
Zeuner’s chronological tabulation, has elucidated the relation¬ 
ships of the various fossil remains by making it clear that the later, 
or “classic Neanderthal,” fossils almost certainly represent a periph¬ 
eral development during isolation in the initial phases of the last 
glaciation. According to the view pre.sentcd here, it is these alone 
which are entitled to provisional recognition as a separate species 
of Homo, i.e., H. neanderthalensis. Colloquially they may be re¬ 
ferred to as the “extreme Neanderthals.” While, as a matter of 
convenience, the earlier types which inhabited Europe during the 
last interglacial period may still be conventionally termed “general¬ 
ized Neanderthals,” it is important to recognize that morphologi¬ 
cally they do not appear to be specifically distinct from H. sapiens 
(though there may l>e some l)a.sis of argument for a subspecific 
differentiation). The major characteristics of the so-called “gen¬ 
eralized Neanderthals” are the strong development of the supra¬ 
orbital ridges (to which, however, the Fontechevade skulls are 

13. This is particularly evident in the discussions of HrdliCka (43), for Ihi.s 
authority delil)erately refers to what he calls “soruatological evidence" in attempt¬ 
ing a relative chronology of "Neanderthal man.” 
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apparently an exception) and the great thickness of the cranial 
walls. However, in other features (so far as these can be determined 
in rather fragmentary specimens) they show a close resemblance 
to H. sapiens (Fig. 7). 

It has to be admitted, of course, that the paleontological data 
regarding the origin and evolution of Paleolithic man are still ex¬ 
traordinarily scanty. But, on the basis of the morphological and 



Fig. 7.— Mid-sagillal craniognims of (A) an early or generalized “Neander- 
thaloid" skull (SkhOl V) and (B) a so-t;alled ‘'clns.sio” Neanderthal (Monte Circeo), 
to illustrate the differences in the contours and the flexion of the basis cranii as 
shown by tire .sphenoidal angle. (After Clark Howell.) 
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chronologicfl/l evidence nt present available, the most reasonable 
(but still quite provisional) interpretation is that a primitive type 
of H. sapiens came into existence by the Middle Pleistocene, pre¬ 
sumably from an earlier small-brained t 3 pe represented by the 
Pithecanthropus stage of hominid evolution; that H. neanderthalen- 
sis arose as an aberrant (and, in some respects, a retrogressive) col¬ 
lateral line from pre-Mousterian or early Mousterian H. sapiens; 
and that the former species eventually became extinct. Put in other 
words, it may be surmised that the progressive development of the 
brain in the Pithecanthropus group of hominids led eventually to the 
appearance of a type of Homo which, on morphological evidence, 
was apparently not specifically distinct from H. sapiens. At this 
point in the evolutionary history of Homo, two separate lines of de¬ 
velopment evidently made their appearance. In one of these the 
continued expansion of the brain was associated with a more exag¬ 
gerated development of a supra-orbital torus and also of the jaws 
and palate, the appearance of certain specializations of the skull 
and teeth, and retrogressive changes in the limb skeleton, leading 
to the differentiation of a separate species, H. neanderthalensis. In 
the other line a progressive enlargement of the brain was associated 
with a recession of the supra-orbital ridges and the jaws, a diminu¬ 
tion in the size of the teeth, the construction of a more evenly 
rounded cranium with a vertical forehead, and the retention of the 
limb characters already developed much earlier in the Pithecan¬ 
thropus group. This second line led to the modern races of H. sapi¬ 
ens. This interpretation, however, should not conceal the fact that 
the allocation of the remains of pre-Mousterian man of Acheulian 
date to H. sapiens is, in a sense, a taxonomic device which may or 
may not be substantiated by the future discovery of more complete 
remains. All that can be said at the moment is that there is no 
sound morphological reason for regarding the remains of Acheulian 
or pre-Mousterian man so far discovered in Europe as a species 
distinct from H. sapiens. 

5 . “Nbanderthaloid” Remains from 
Rhodesia and Java 

In the preceding section we have presented the paleontological 
evidence for the argument that H. neanderthalensis represents the 
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terminal product (now extinct) of a collateral development of the 
genus Homo, which stemmed from earlier types taxonomically not 
distinguishable (on the material at present available) from H. 
sapiens. Although this evidence cumulatively seems reasonably 
well assured, it is still too meager to permit of dogmatic interpreta¬ 
tions, and there remains some uncertainty regarding the signifi¬ 
cance of the mixtures of physical characters in the Mount Carmel 
and Krapina populations. Yet another element of uncertainty in 
the Neanderthal problem is added by the discovery of fossil “Ne- 
anderthaloid” skulls in Rhodesia and Java. 

. The Rhodesian fossils were found in 1921 in the course of open¬ 
cast mining of lead and zinc ores at Broken Hill in Northern Rho¬ 
desia. They consist of a skull (almost complete except for the man¬ 
dible), a maxillary fragment, a sacrum, and portions of the pelvis, 
humerus, femur, and tibia (84). The skull is of unusually massive 
appearance and markedly platycephalic, with a very .strongly de¬ 
veloped supra-orbital torus, retreating forehead, a strong occipital 
torus, and a large inflated maxilla lacking a canine fossa. The palate 
is unusually large, having an area of 41 cm.® (as compared with an 
average of about 25 cm.® in modern English skulls). In these char¬ 
acters the Rhodesian skull undoubtedly shows a close resemblance 
to E. neanderthalensis. Yet there are certain differences, the sig¬ 
nificance of which is not easy to assess. Morant (73) has shown that 
the skull can be clearly distinguished in a number of independent 
metrical characters, such as the relative position of the maximal 
parietal breadth, the basal and facial lengths, and the absence of 
a backward rotation of the occipital bone; and in these characters 
it actually approaches somewhat more nearly to H- sapiens.^ In yet 
other features it shows a greater divergence from H. sapiens. In 
general, however, Morant concludes that Rhodesian man and H. 
neanderthalensis-in the limited number of purely metrical charac¬ 
ters of the skull which he used for compari.son-~appear to be more 
closely related to each other than either is to H- sapiens. Von Bonin 
(8), also as a result of metrical comparisons of the skull, inferred 
that Rhodesian man represents a phase of evolutionary develop¬ 
ment close to the common point of divergence of H. neanderthalen¬ 
sis and E. sapiens; but in coming to this conclusion he did not take 


75 




Homo 


into account the paleontological evidence indicating the evolu¬ 
tionary development of H. neanderthcdensis in Europe from pre- 
Mousterian types which are not clearly distinguishable from H. 
sapiens. 

The evidence of the type skull of Rhodesian man must now be 
considered in relation to the other remains found at Broken Hill. 
In the first place, the separate maxillary fragment (described by 
Wells, 123) is considerably smaller than the corresponding region 
of the type skull, the dimensions of the palate coming very close to 
the maximum dimensions recorded for that of the Australian abo¬ 
riginal and African Negro. It also has a definite canine fossa, the 
modeling of this part of the maxilla “being essentially as in modern 
human skulls.” Second, the pelvis,» sacrum, and limb bones are 
entirely similar to those of H. sapiens and show none of the features 
commonly regarded as characteristic of H. neanderthalensis. The 
question naturally arises as to whether the maxillary fragment and 
the portions of the postcranial skeleton were actually contempora¬ 
neous with the skull. However, recent studies by Oakley (77), based 
on a spectrograpliic analysis of the lead and zinc content of all the 
remains, have led him to conclude that “there is little reason for 
doubting that at least all the human bones recovered from the cave 
in 1921-22 form a contemporary group”; and their size and robust¬ 
ness are also consistent with the inference that they are all refer¬ 
able to the same type as the skull. The artifacts have been studied 
in detail by Desmond Clark (22), and this archeological evidence 
indicates an antiquity of Upper Pleistocene probably corresponding 
to the Proto-Stillbay phase of the South African Paleolithic 
period.^® 

The “Neanderthaloid” remains from Java were found in Ngan- 

14. In the original monograph on the Rhodesian remains (84) the os iimoini- 
iialum was held to be entirely anomalous in the form of its acetabular socket, and 
on the basts of this unusual feature a new genus, CyphantJiropus, was created. 
However, this conclusion wa.s later shown to be the result of rather a remarkable 
error of interpretation (56). ... 

16. The discovery of a second skull of the Rhodesian type (almost identical in 
its calvarial features) has recently been reported from Hopeficld, 90 miles north of 
Cape Town. Full details of this discovery have not yet been published, but there is 
some evidence to show that it is referable to the late Acheulian period and thus 
somewhat antedated the Rhod^iati skull. 
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dong in terrace deposits related to the River Solo (82). The geo¬ 
logical and paleontological evidence suggests that they are of Upper 
Pleistocene date, the latter probably corresponding to the last 
glaciation (Von Koenigsvvald, 53). The remains, discovered be¬ 
tween 1931 and 1941, consist of eleven skulls (all lacking the facial 
skeleton) and two incomplete tibiae. A detailed and well-illustrated 
description of this material by Weidcnreich (119) was published in 
1951, but, owing to his sudden illness and death, this is not com¬ 
plete. The skulls show very interesting resemblances to the Rho¬ 
desian skull, with marked platycephaly, a powerful development 
of the supra-orbital tori, and unusually thick cranial walls (Fig. 
8). Except for the cranial capacity (which ranges from 1,150 to 
1,300 cc.), and certain unusual features of the foramen magnum 
(e.g., its length and the upward deflection of its posterior part), 
the skulls approximate quite closely to H. neanderthalensis. On the 
other hand, the two tibiae are slender and straight-shafted and 
appear to show no difference from the tibia of H. sapiens. It re¬ 
mains possible, however, that in their shape and dimensions they 
also fall within the range of variation of H. neanderthalensis. Here 
the lack of fossil data makes it impossible to arrive at any firm con¬ 
clusion; the fact is that much more of the limb skeleton of the 
Ngandong population of Java and of later Mousterian man else¬ 
where is needed for a satisfactory comparative study. Oppenoorth 
(82), who first described the Ngandong skulls, allocated them to a 
new genus, Javanthropus, but he later retracted this opinion and 
gave to them the name H. soloensis. In this he was followed by 
Weidenreich, though neither of them attempted to fonnulate a 
diagnosis of this new species. Probably it is wiser to leave the ques¬ 
tion of a specific distinction undecided for both the Rhodesian and 
the Javanese remains, and to refer to them colloquially for the 
present as **Rhodesian man^^ and Solo man. Weidenreich took 
the view that Solo man was derived from Pithecanthropus, and in 
his monograph he refers to a number of morphological resemblances 
with that genus. Other authorities have regarded both Rhodesian 
and Solo man as slightly aberrant forms of H. neanderthalensis, 
which, on this interpretation, must have spread widely over the 
world. Yet another view, which certainly demands serious con- 
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sideration, is that these “Neanderthaloid” populations provided 
the basis for the independent evolutionary differentiation of some 
of the major races of present-day mankind, e.g., that the Ngandong 
population represents the ancestral stock from which the Aus¬ 
traloid people were evolved and that Rhodesian man was the pre¬ 
cursor of the modern Negroid races. If this interpretation should 
prove (with the accession of further and more complete material) 
to be substantiated, it would, of course, imply a polyphyletic 
origin of H. sapiens. That this is a po-ssibility can hardly be denied 
at present; but, by analogy with what is known of mammalian 
evolution in general, it is perhaps not very probable. 

6. The Genus Homo 

We have attempted to give a diagnosis of the species H. sapiens 
and H. neanderthalensis on the basis of skeletal characters, so as to 
provide some standard of comparison for further paleontological 
studies. For the .same reason it is also desirable to provide a formal 
diagnosis of the genus Homo. The following provisional diagnosis is 
suggested: 

A genus of the family Ilominidae, distinguished mainly by a 
large cranial capacity with a mean value of more than 1,100 cc.; 
supra-orbital ridges variably developed, becoming secondarily 
much enlarged to form a massive torus in the species H. neander¬ 
thalensis, and showing considerable reduction in H. sapiens; fa¬ 
cial skeleton orthognathous or moderately prognathous; occipital 
condyles situated approximately at the middle of the cranial 
length; temporal ridges variable in their height on the cranial wall, 
but never reaching the mid-line; mental eminence well marked in 
H. sapiens but feeble or absent in H. neanderthalensis; dental ar¬ 
cade evenly rounded, with no diastema; first lower premolar bi¬ 
cuspid with a much reduced lingual cusp; molar teeth rather vari¬ 
able in size, with a relative reduction of the last molar; canines 
relatively small, with no overlapping after the initial stages of wear; 
limb skeleton adapted for a fully erect posture and gait. 

The geologic antiquity of the genus Homo is not certainly deter- 
-minable on the fossil record at present available. As we have seen, 
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it undoubtedly extends back to the last interglacial period, which, 
at a conservative estimate, was at least 50,000 years ago. Wc have 
noted, also, that Swansconibe man, on the evidence of the two skull 
bones which have been found, does not appear to be specifically 
distinct from II. sapiens, and, with the necessary reservation that 
this conclusion may be falsified by the discovery of more complete 
remains, this carries the genus Homo back to the second interglacial 
period, which (again at a conservative estimate) was at least 
100,000 years ago. Another fossil to which reference should be 
made here is the mandible found in the Mauer sands near Heidel¬ 
berg in 1908. On stratigraphic and faunal evidence this is assigned 
by most authorities to the first interglacial period, giving it an 
antiquity of probably more than 200,000 years. The type repre¬ 
sented by this fossil is commonly referred to as JT, heidelbergensia, 
but its allocation to the genus Homo must, in the absence of further 
evidence, remain entirely uncertain. The mandible is of massive 
build and lacks a mental eminence. The dentition is entirely 
hominid in its morphological characters, and there can therefore 
be no doubt that the fossil is referable to the Hoininidae. But 
whether it comes within our rlefinition of the genus Homo can be 
determined only by the characters of the skull as a whole, which are 
at pre.sent unknown.*'' 

16. It would he inappropriate not to make sonic mention here of the fnmou.s 
I’illdowii .skull. For more limn forty years this odd assemblage of relies, cousistiog 
of cranial fragments of essentially miKlcrn human appearance and a mandible and 
canine of ainiian form, has been the subject of speculation and controversy. In¬ 
deed, many authorities had been led to conclude that they present an m.soluble 
problem. The solution of the Pilldown puzzle has now at last been achieved as the 
result of most intensive studies (initiated by the Department of Anatomy at Ox¬ 
ford Fniversity in collaboration with the Department of Geology at the British 
Museum) which have dciiionstnited quite clearly that the mandible and canine 
tiHilh arc those of a modem large ape which have been faked with the most remark¬ 
able skill to .simulate fos-silizisl material (120). The elimination of Filtdown man 
from furlher co-isideraliou has greatly clarified di,scu.s.siona on the origin of man, 
for it has to lie ri'alized that, in both its curioms combination of incongruoas mor¬ 
phological feature.s and its lime sequence, it was entirely out of conformity with all 
the foasil evidence of hominid evolution available from other parts of the world. 
The expo.sure of this astonishing fraud is also important ljecau.se it does serve to 
emphasize even more strongly the extreme caution which needs to be exercised in 
the interpretation of alleged fossils of a quite unu.'^ual or unexpected type. 
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1. The Discovery of Pithecanthropus in Java 

In the last chapter we briefly reviewed the evidence for the 
existence in Europe during the last interglacial period of pre- 
Mousterian honiinids not clearly distinguishable as a separate 
species from Homo sapiens. We saw that the few skulls so far avail¬ 
able from deposits of this date are mostly charaeterized by a 
rather heavy development of the supra-orbital ridges (closely com¬ 
parable with those not uncommonly found in Australian aborigi¬ 
nals today); to this extent they certainly present a somewhat primi¬ 
tive appearance. Wc have also noted the evidence of the Swans- 
combe .skull bones that the species H. sapiens may already have 
been in existence during the second interglacial period. We now 
have to consider a group of extinct hominids of much more primi¬ 
tive appearance, known from skulls, teeth, and limb bones found 
in the Far East and commonly regarded as representing a separate 
genus of the Hominidae, Pithecanthropus. 

Pithecanthropus is known from two regions, Java (central and 
eastern) and China (Choukoutien, near Pekin). The Chinese fossils 
were at one time assigned to another genus. Sinanthropus, but 
there is now general agreement that they are congeneric with the 
Javanese fossils. However, they present certain minor differences 
in skeletal and dental characters, which have been taken to indicate 
at least a specific difference. The Javanese type specimen is thus 
referred to the species Pithecanthropus erectus (the name originally 
conferred in 1892 by its di.scoverer, Eugdne Dubois), while the 
Chinese fossils are commonly referred to the species P. pekinensis. 
We shall use these taxonomic terms in the pre.sent discussion in 
provisional agreement with a number of other authorities, though 
doubt has been expressed as to whether the structural differences 
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between the two groups are, in fact, sufficient to justify more than 
a subspecifie distinction. Even the generic term Pithecanthropus is 
not to he accepted as a final assessment of the taxonomic status of 
these Far Eastern fossil hominids, for some authorities (e g., Mayr, 
70) take the view that their morphological characters are not so 
divergent as to justify a generic distinction from Homo. 

The first outstanding discovery of Pithecanthropus was made by 
Dubois at Trinil in central Java in 1891, The remains were re¬ 
covered from alluvial deposits on the bank of the Solo River, at a 
stratigraphic level from which has also been derived a faunal as¬ 
semblage including Stegodon trigonocephalus. Hippopotamus an- 
iiquus, a small axis deer {Cervus lydekkeri), and a small antelope 
{Duboisia kroesenii). It is now generally agreed that the Trinil 
fauna is post-Villafranchian, that the Trinil beds are of Middle 
Pleistocene age, and that they were probably laid down at a time 
corresponding to the second glaciation of the Ice Age in other parts 
of the world (75). 

The most important item of Dubois’s original discovery was a 
calvaria of Pithecanthropus, which, in the very flattened frontal 
region, the powerfully developed supra-orbital ridges, the extreme 
platycephaly, and the low cranial capacity (estimated at about 
900 cc.), presents a remarkably simian appearance. So much so, 
indeed, that some anatomists at first refused to recognize it as a 
hominid calvaria at all and supposed it to be the remains of a giant 
gibbon. In the same deposits and at the same stratigraphic level 
(but 15 meters upstream from the calvaria) Dubois found a com¬ 
plete femur, which, in its size and general conformation, is quite 
similar to the femur of H. sapiens. Some doubt was naturally ex- 
pres.sed (mainly because of their apparent incongruity) whether 
the femur and calvaria belonged to the same indiviflual and wheth¬ 
er the femur was really indigenous to the Trinil deposits. However, 
the accumulation of evidence speaks so strongly for their natural 
association that this is now generally accepted. In the first place, 
there seems little doubt that the femur was actually found in situ 
in the Trinil beds (and, according to Hooijer, 40, the field notes 
kept by Dubois show that his excavations were carried out sys- 


82 


Pithecanthropus in Java 


tematically and accurately). Second, it has recently been reported 
by Bergman and Karsten (5) that the fluorine content of the femur 
is equivalent to that of the calvaria and also of other representa¬ 
tives of the Trinil fauna, an observation which is in conformity 
with the geologic evidence that they were contemporaneous. Third, 
remains of five other femora of similar type in the Leiden Museum 
have been found among fossils collected from Trinil deposits (three 
of them were described by Dubois, 31, in 1932), and these also show 
a fluorine content which is compatible with a Middle Pleistocene 
date. Thus they confirm that at this early time there existed in 
Java hominids with a type of femur indistinguishable from that 
of H. sapiens, though all the cranial remains so far found empha¬ 
size the extraordinarily primitive characters of the skull and denti- 
tion. Finally, portions of seven femora of Pithecanthropus from 
Choukoutien show that in the Chinese representatives of this genus 
a femur of modern human type was also associated with the same 
primitive features of the skull and dentition.* 

For many years after Dubois’s original discoveries in Java over 
half a century ago, no further remains of Pithecanthropus were 
found, in spite of the efforts of the Selenka expedition of 1907-8. 
Then, during the few years preceding World War II, further impor¬ 
tant discoveries were made by Von Koenigswald (49, 50, 51, 52). 

1. The combination in PUhecanHiropua of limb bones of “modem” type with 
cranial and dental characters of a primitive type is worth emphasizing, for it illus¬ 
trates an important principle of vertebrate evolution—that the progressive modi¬ 
fication of the several somatic systems may (and frequently does) proceed at differ¬ 
ential rates. This principle is well recognized by paleontologists but appears occa¬ 
sionally to have misled anthropologists. Such differential rates of somatic evolution 
may lead to structural contrasts which give an appearance of incongruity, and they 
are liable to be regarded as "disharmonies” because they do not conform with the 
sort of correlations which studies confined to living species may lead one uncon¬ 
sciously to expect. The true affinities of such fossil forms may thus be overlooked and 
misinterpreted, simply because they do not exhibit the particular combination or 
assemblage of charactera of which we have created a rather rigid mental image from 
our preoccupation with the comparative anatomy of living forms (the latter, in 
many cases, being but the relics of a much greater diversity in the past). Differ¬ 
ential rates of somatic evolution obviously need to be taken into account in regard 
to the taxonomic relevance of cliaracters which are selected for assessing the phylo¬ 
genetic status of fossil types (see p. *5). 
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With the exception of an immature skull found at Modjokerto in 
eastern Java, these new specimens come from Sangiran in central 
Java, about 50 km. from Trinil. They were derived from two hori¬ 
zons, one corresponding to the Trinil deposits and consisting of 
sandstones and conglomerates, and the other an underlying stratum 
of black clay, termed the “Djetis layer.” The latter contains a 
faunal assemblage definitely older than that of the Trinil layer, 
characterized by Epimachairodus zwierzijckii, Leptobos cosijni, 
Nestorilherium, Megacyon, and Cryptomastodon; and it is generally 
agreed that this indicates an Early Pleistocene date. Beneath the 
Djetis horizon in Java is a still older formation, which contains 
remains of one of the first true elephants, Archidiskodon plani- 
Jrons; and on the basis of faunal correlations this deposit is regarded 
as Villafranchian in age—that is, at the base of the Pleistocene. If 
this interpretation is correct, the Djetis horizon must be taken 
to represent Early Pleistocene (but not the earliest Pleistocene) 
Mooijer (40) has pointed out that there is some doubt regarding 
the provenance of certain of the Pithecanthropus remains dis¬ 
covered by Von Koenigswald, i.e., whether their stratigraphic 
position is referable to the Trinil or Djetis horizons, because not 
all were found in situ. However, it appears to be reasonably certain 
that at least some of them came from the Djetis beds and there¬ 
fore that the antiquity of Pithecanthropus in Java extends back 
to the Early Pleistocene. 

The fossil relics of Pithecanthropus so far available are listed 
below. Those derived from the Trinil horizon are as follows: 

1. Pithecanthropus I, calvaria and femur discovered by Dubois 
in 1891. 

2. Pithecanthropus II, found in 1937. A calvaria, more complete 
than the type specimen and including part of the basis cranii. 

3. Pithecanthropm III, found in 1938. The parietal portion of a 
calvaria of a young adult individual (with the sutures completely 
patent). 

2. There appears still to be .some disagreement regarding the stratigraphic level 
of the Plio-PIeistoeene boundary in the P'ar East. Von Koenigswald regards the 
deposits underlying the Djetis layer as Pliocene, since they also contain a tnollas- 
ean fauna which has been accepted as indicaitive of Pliocene age. 
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The specimens known, or assumed on indirect evidence, to have 
been derived from the Djetis horizon are the following: 

4. Pithecanthropus IV, found in 19S9, This consists of the pos¬ 
terior half of a calvaria, including part of the basis cranii, and a 
maxilla and palate with an excellently preserved dentition (ex¬ 
cept the incisors). It should be noted that there are, in addition, 
two small maxillary fragments with canines (meirtionefl, but not 
yet described in detail, by Von Koenigswald, 54). 

5. Pithecanthropus B, found in 1930. A mandibular fragment 
(somewhat eroded) iircluding the sjunphysial region and contain¬ 
ing P 4 to M3. 

6. The Modjokerto immature skull, found in 1936. 

7. The Sangiran mandibular fragment, found in 1939 with Mi 
and Mj in position. 

8 . The Sangiran mandibular fragment, found in 1941, with P 3 
to Ml. 

Besides the new specimens recorded in this list, which have been 
described by Von Koenigswald and Weidenreich, there is a large 
number of isolated teeth from the Djetis layers of Sangiran which 
still await description. Mention should also be made of the tiny 
mandibular fragment found in 1890 by Dubois at Kedoeng Broe- 
boes near Trinil (an interesting specimen, but not highly informa¬ 
tive), and three teeth also found by him at Trinil. These three 
teeth were assumed at one time to belong to Pithecanthropus I, but 
this allocation is now regarded as quite uncertain. Two of them, 
upper molars, are in a poor state of preservation and are likely to 
be the teeth of an orang (this ape survived in Java up to the Middle 
Pleistocene), while the third tooth, a premolar, is certainly hominid 
(but its stratigraphic position is questionable). 

The whole problem of Pithecanthropus in Java has unfortunately 
been much confused by the multiplicity of the taxonomic terms 
which have been applied to the various remains. The immature 
skull found at Modjokerto in 1930 was originally named H. mo- 
djokertensis, though there was no reason to suppose that it was 
other than that of a young individual of Pithecanthropus. In recog¬ 
nition of this, it was later renamed P. modjokertensis, though, again, 
no morphological evidence has been adduced in .sui)port of a spe- 
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cifie distinction from P. erectus. Von Koenigswald was also led to 
apply specific term P. modjokertensis to other remains of 
PUhecanthropus found in the Djetis layers at Sangiran “for morpho¬ 
logical and stratigraphical reasons.” However, he does not define 
any morphological differences which might justify a formal diag¬ 
nosis of this new species, and, by themselves, the stratigraphic 
reasons do not appear to be valid. For, while the stratigraphic 
evidence certainly demonstrates that Pithecanthropus existed in 
Java during the Early and Middle Pleistocene, it does not preclude 
the possibility (or even the probability) that during this time it was 
represented by a single species, P. erectus. It may be noted that 
Pithecanthropus IV was called by Weidenreich (118) P. robustus, 
again with no morphological justification. As already mentioned, 
only the back part of the skull and the maxilla of this specimen 
were found. The back part of the skull shows no distinctive features 
whereby it can be separated specifically from P. erectus, and there 
is no other material available with which the maxilla can be com¬ 
pared. Of the two mandibular fragments found at Sangiran in 
1939 and 1941, the latter has been referred, because of its large 
size, to another genus altogether, Meganthropus palaeojavanious.^ 
The former, though quite similar in its general size and proportions, 
has been termed P. dubius, a specific distinction which was made 
partly because of the wrinkled character of the enamel on the 
molar teetli (which may, however, be no more than the expression 
of an individual variation) and partly, it seems, because the speci¬ 
men is rather poorly preserved, so that certain details of the dental 
morphology are indeterminate. The generic separation of '‘Megan¬ 
thropus" from Pithecanthropus can hardly be justified on the basis 
of dental morphology; the two preraolars and the first molar which 
have been pre.ser\'ed in the 1941 specimen conform in their total 
morphological pattern to a hoininid dentition of the type found in 
the 1936 mandibular fragment {Pithecanthropus B). The large size 

3. Weidenreich (118) accepts and ases the term Meganthropus, l)ut he explicitly 
states that he doe.s not “consider Pithecanthrope and Meganthropus as two ‘generi- 
eally’ different and independent hoininid types in the taxonomic sense. ’ The obvious 
comment on this curioas statement i.s “Then why use the term Meganthropus at 
all?” 
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of the teeth and the preserved portion of the body of the mandible 
is certainly striking; but, as compared with the Pithecanthropus 
B mandible, it does not indicate a range of variation exceeding that 
found (for example) in the single species H. sapiens (Pig. 9). It may 
readily be admitted that the available fossil material from Java is 
not yet adequate to decide finally whether there was more than one 
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Fig. 0. —The mandibles (reconstructed) ot "Meganlhropua pdaeojavanicua" and 
Pithecanihroptta B, compared with two mandibles of Homo aapiena (an Australian 
aboriginal and a European), to indicate that the range of variation in the size of the 
Javanese fossils does not exceed that ot a single species of Homo. Approximately 
one-halt natural size. 


genus, or more than one species, of hominid living in Java during 
the Early Pleistocene. But from general considerations the proba¬ 
bilities seem to be against such a conclusion, and (it must be em¬ 
phasized again) there is at present no really convincing morpho¬ 
logical basis for the recognition of more than one species, P. 
erectus. In order to avoid further confusion, we shall here refer to 
all the specimens simply by the generic term PithecarUhropus, while 
recognizing that there may well have been more than one sub¬ 
species or “race.”'^ 

4. It also remains possible, of course, that future discoveries will demonstrate 
that the owner of the Meganthropua* mandible was so different from Pithecan- 
thropua in the morphological characters of skull, dentition, and limb bones as to 
justify a generic distinction. But the point is that, although I have a high regard for 
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%. The ]\r()itPHoi<o(U('AL ('iiauacteus of the Javanese 
Kepuesentatives of PithecanthropuH^ 

It lias already been mentioned that the calvaria of Pithecan¬ 
thropus is known from four adult specimens found in Java and also 
one immature skull. Of the adult specimens, two are sufficiently 
complete to permit fairly close estimations of the cranial capacity 
by making endocranial ca.st.s and re.storing the mi.ssing parts in 
proportion. According to Weidenreich, the cranial capacity of 
Pithecanthropus I wa.s probably not much greater than 900 cc., 
and that of Pithecanthropus II is estimated at 775 cc.® The capacity 
of Pithecanthropus IV can be estimated only within rather broad 
limits, for, while the approximate breadth and height of the skull 
are directly ascertainable from the specimen itself, the total en¬ 
docranial length has to be inferred indirectly from a reconstruc¬ 
tion based on the other .skulls. With these data, Weidenreich has 
calculated an endocranial volume of 880 cc. (or, say, approximately 
900 cc.). Thus the mean cranial capacity of these three specimens 
is 860 cc.—a remarkably low figure when compared with the 
mean volume of 1,350 cc. for modern //. sapiens. The cranial 
capacity of the Modjokerto infant .skull is estimated to be no more 
than 700 cc.; and, by reference to data concerning the brain growth 
of modem man and anthropoid ape,s, it may be inferred that this 
would not have expanded beyoTid about 1,000 cc. in the adult. So 
far as the meager fossil evidence goes, then, it may be surmised 
that the mean cranial capacity of the Javanese representatives of 
Pithecanthropus was probably less than 1,000 cc. 

As might be expected, a number of authorities have examined 
in detail the surface features of the endocranial casts of Pithecan- 

thr jiulgnieiit of iiiy frierul Profes.sor voii Koeiiigswiild (whi<*h is, of (.‘ourse, ba.se<! on 
f|uite oou.sitleralfle (‘XjK'rienct*), I am not persuadod liiat such a distinction is valid 
on the fragmentary material so far available. 

5. I wish to exprt«i iny i!idebtednes.s to Profe.ssor von Koeuig.swald for his 
courte.sy in permitting me to examine the horninid fos.si!s from Java at his laboratory 
in I'treeht. 

6. Weidenreieh's first estimate of the cranial capacity of Pithecanthropus II 
was K50 cc., but {as he himself stales) thi.s was no more than a guess, ba.sed on 
photographs of the speeiitien and on measurenieiils supplied l)y t on Kocidg.swald. 
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thropus in an attempt to find therefrom some clue to the intellectual 
status of these primitive hominids. Let it be said at once, however, 
that these studies have led to very disappointing results, for the 
information to be obtained from endocranial casts regarding brain 
functions is strictly limited. From time to time, indeed, dubious 
conclusions of this sort have been expressed, but they have mostly 
been based on a serious misconception of functional localization in 
the cerebral cortex and also on the false assumption that certain 
of the structural areas of the cortex (as defined microscopically) 
have rather constant relationships to sulci and convolutions. In the 
past, many inferences have been made regarding the acquisition 
of articulate speech, the degree of manual skill, the ability to learn 
from experience, and other mental faculties in fossil hominids; 
these must now be discounted. This applies equally to the assump¬ 
tion that right- or left-handedness can be inferred from a con¬ 
sideration of the asymmetry of the cerebral hemispheres (57). 
There is no doubt, also, that some previous authorities have .seri¬ 
ously exaggerated the extent to which the fissural pattern of the 
brain can be delineated from endocranial casts. In lower mammals 
the convolutions of the brain are often outlined with great preci¬ 
sion on such casts; but, unfortunately, in hominids and the large 
anthropoid apes the sulci usually do not impress themselves clearly 
on the endocranial aspect of the skull except near the frontal and 
occipital poles of the brain and in the lower temporal region (for a 
recent critique on the interpretation of endocranial casta, see 
Ilirschler, 39). The most careful and critical studies which have 
been made of the endocranial casts of Pithecanthropus are those of 
Ariilns Kappers and Bouman (44, 45), and a reference to their 
papers will show how cautious are their conclusions. In Pithecan¬ 
thropus I it is noted that the frontal operculum is not defined by 
secondary sulci, as it is in the majority of brains of H. sapiens, and 
the region of the frontal lobe below the middle frontal sulcus is 
relatively small. The sulcal pattern of the frontal lobe, in general, 
also shows rather interesting resemblances to that of the chimpan¬ 
zee brain. So far as its general shape is concerned, Kappers finds 
that the endocranial cast compares most closely with Hylobates 
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among the anthropoid apes (but, of course, it is very much larger 
and shows a much more complicated sulcal pattern). In the en- 
docranial cast of Pithecanthropus II, Kappers and Bouman found 
the sulcal pattern of the frontal lobe to correspond very closely 
with that of the other skull, and the conclusion is again stated that 
this pattern “shows far more affinities with that of chimpanzees 
than ever observed in man.” It will be noted that the results of 
these studies are expressed entirely in morphological terms and 
rightly so, for even the study of the gross anatomy of the normal 
human brain itself has so far not demonstrated any feature by 
which the intellectual abilities of the individual during life can be 
deduced. All that can be said of the brain of Pithecanthropus is that 
the low average size is presumably related to a rather low level of 
general intelligence (cf. Fig. 12, p. 100). By relating cranial capacity 
to femur size, Brummelkamp (19) has tried to assess the degree of 
“cephalization” of fossil hominids. While the cephalization stage of 
fossil specimens of Homo (e.g., those found at La Chapelle-aux- 
Saints, Combe Capelle, Spy, Grimaldi, and Chancclade) is found 
not to differ from that of Recent E. sapiens, in the case of Pithecan¬ 
thropus (from both Java and China) it is lower by a factor of 1/V2. 
This is perhaps one of the most serious arguments for .separating 
Pithecanthropus taxonomically from Homo. 

The main characteristics of the skull of the Javanese representa¬ 
tives of Pithecanthropus \xxnY be stated briefly as follows (Figs. 10 
and 15). The calvaria shows a very marked degree of platycephaly, 
with the maximum breadth low down in the temporal region. From 
this level the lateral walls of the cranium slope upward and medially 
to the position of the parietal eminence and then medially with a 
slight upward inclination to a median sagittal ridge. The supra¬ 
orbital torus is developed to an exaggerated degree and is bounded 
behind by a receding frontal contour and a very marked post¬ 
orbital constriction. The latter is asssociated with an inward curva¬ 
ture of the anterior part of the temporal squama, which accen¬ 
tuates the apelike appearance of the skull as a whole. The occipital 
torus is massive (particularly in Pithecanthropus IV), and in all 
cases projects backward well beyond the level of the supra-occipital 
squama. The nuchal area of the occipital bone is relatively exten- 
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sive (evidently for the attachment of a very powerful nuchal mus¬ 
culature) and slopes backward and upward to the occipital torus. 
The tympanic region and mandibular fossa are hominid in their 
general characters, but the rather weak development of the ar¬ 
ticular eminence in Pithecanthropus IV and the rounded contour of 





XJ'jtG. 10.—C'oiiiparisoii of the lateral views of the Piihscunthropus skuILs found in 
Java with that of an Au-stralian aboriginal. A, Pilliecanlhropna I; B, Pithecanthropus 
II: reconstruction of Pithecanthropus lY (modified from Weidenreieh); D, Aus¬ 

tralian aboriginal. Approximately one-quarter natural size. 

the external auditory meatus in Pithecanthropus II may be re¬ 
garded as primitive characters of a somewhat simian tyjie. The 
mastoid process is variably developed, and in Pithecanthropus IV, 
where it is large, the apex is strongly deflected medially. The pet¬ 
rous bone, as seen from the cndocranial aspect, is rather ma.ssive, 
and the cranial wall is everywhere of unusual thickness.’ The 
foramen magnum (as far as can be judged from the crushed skull 
7. Even in the young adult. Pithecanthropus III, the parietal bone reaches a 
thickness of 10 nun. 
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base in Pithecanthropus IV) is situated as far forward in relation 
to the total cranial length as it is in II, sapiens. 

The infant skull from Modjokerto shows features of particular 
interest. In age it may correspond to a modern child of about two 
years, for the specimen provides some evidence that the bregmatic 
fontanelle was just completing its closure, and the cranial walls 
are very thin (in the parietal region up to mm., and elsewhc're 
even less). The degree of o.ssification of the tympanic region, on the 
other hand, suggests an age corresponding to five or six in B, 
sapiens. But the precise age of this infant Pithecanthropus is per¬ 
haps not a matter of great importance, for the primitive charac¬ 
ters of the skull are in any case very obtrusive. The supra-orbital 
ridges are already assuming a marked prominence, with the in¬ 
cipient development of a po.storbital constriction; the forehead 
already has a retreating contour; and the occipital region .shows 
the development of the angulation characteristic of the adult 
Pithecanthropus skull. If the individual were as old as six years, the 
.small cranial capacity as.sumcs a greater significance; if it were as 
young as two years, the strong development of the supra-orbital 
eminences, the retreating character of the ff)rehead, and the ad¬ 
vanced degree of ossification of the tympanic region become all 
the more remarkable. 

The palate and part of the facial skeleton of Pithecanthropus 
are known from specimen IV. The size of the palate is relatively 
enormous, the maximum maxillo-alveolar width, according to 
Weidenreich, being 94 mm. The maximum width, it should be 
noted, is at the level of the last molar teeth and may be compared 
with the maximum width, 80 mm., of the palate of the Rhodesian 
skull, which is at the level of the .second molars. The facial aspect 
of this specimen shows a pronounced alveolar prognathism, a great 
breadth of the anterior nares (which is near the uppermost limit 
.so far recorded for H, sapiens), and an extensive maxillary sinus. 
The lower margin of the nasal aperture is bounded by a simple 
margin, with no sulcus or fossa prenasalis. The 1936 Sangiran 
mandible, Pithecanthropus B, is heavily con.structed, with a very 
thick and sloping symphysial region, and there is no indication of 
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a Tiumtal eminence. It .shows three mental foramina—a very un- 
lusual feature in Homo but quite common in anthropoid apes. In 
its general build the mandible conforms quite well with the maxilla 
of Pithecanthropus IV. The mandibular fragments found at San- 
giran in 1939 and 1941 provide evidence of a lower jaw even more 
ma.s.sivc; but (as already note<!) there .seems no .sound morphologi¬ 
cal reason lor not including them in the genus Pithecanthropus. In 
both .specimens the mental foramen is single and is situated about 
midway between the alveolar and lower margins of the mandible— 
a hominid feature wliicb contrasts rather strongly with the low 
position of the foramen in the large anthroj)oid apes. In the 1941 
mandibular fragment the .symphysial region is exceedingly thick, 
but in its general contour in .sagittal .section it re.sembles the 
Heidelberg mandible (piitc clo.sely, and in the high jmsition of the 
foramen spino.sum it also .shows a hominid, rather than a pongid, 
feature. In none of the.se mandibular sj)ecimen.s found in Java is 
there any indication of a “simian .shelf.”’' 

That in its total morphological pattern the dentition of the 
Pithecanthrojrns group of fo.ssils from Java is definitely hominid in 
type has not been a matter for dispute. The contour of the dental 
arcade, the shape, size, and uiorphological details of the canines 
and premolars, and the morphological details and mode of wear of 
the molars, taken together, provide a marked contrast with the pon- 
gid type of dentition. On the other haiul, the few specimens avail¬ 
able .show certain primitive features, in which some approach is 
made to a simian level of evolutionary flevelopmcnt. For example, 
in Pithecanthropus IV, the upper canine, though not very large 
relative to the adjacent teeth, ami .spatulate rather than conical 
in general shape, projects well be,\'ond the level of the premolars 
and shows a well-marked attrition facc't on its anterior margin, 
which indicates that it overlapped the lower canine to a slight de¬ 
gree. Moreover, it is .separateil from the .socket for the lateral in- 
ci.sor by a di.stinct diu.stemic interval. Von Koenigswald notes that, 

8. This trnu is applied to the thin ledge of hone vihieh, in the Recent large 
anthropoid apes, extciifls hack from the lower lairder of the symphysis aero-ss the 
anterior end of the intcrramal .space of the mandible. 
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of the two other maxillary fragments from the Djetis layers of 
Sangiran, one also shows evidence of a similar diastema, while in 
the other there is a contact facet on the canine which makes it 
clear that there was no diastema in this specimen. The primitive 
trait of a diastema in the upper dentition was thus not a consistent 
feature of the Javanese representatives of Pithecanthropus. From 
isolated teeth (not hitherto described in detail), Von Koenigswald 
(54) concludes that the central upper incisors are “extremely 
shovel-shaped, by far surpassing the condition observed in Sinan¬ 
thropus.” The upper molars, premolars, and canine form converg¬ 
ing rows on either side of the palate, with only a slight degree of 
curvature. The first upper premolars (two specimens) are pro¬ 
vided with three roots, as is normally the case in the Pongidae but 
uncommonly in H. sapiens. The upper molars are large, the second 
molar being larger than the first.® 

Of the lower dentition, the mandibular fragment Pithecan¬ 
thropus B shows in a fairly well-preserved state the second pre¬ 
molar and the three molar teeth. The latter are noteworthy for 
their large siae and for the fact that their length increases progres¬ 
sively from front to back. This is a primitive feature only very 
rarely found in H. sapiens (four examples were found by De Terra, 
106, in a series of 1,000 skulls). The alveolar socket for the first 
preraolar is simple and indicates the single root construction char¬ 
acteristic of the Hominidae. The socket for the canine tooth is 
quite small (particularly when considered in relation to the mas¬ 
siveness of the jaw) and is placed medially to the anterior margin 
of the first premolar socket. Von Koenigswald comments on the 
weak development of the incisors and canines when compared with 
the large size of the postcanine teeth, a character which is even 
more marked in the australopithecine material from South Africa 
(see p. 147). No isolated lower canines or incisors from Java have 
so far been described in detail. In the large mandibular fragment 
(1941) from Sangiran {“Meganthropus”), the two premolars and 

9. It is of particular interest to note that the over-all dimensions of the first 
premolar and the first molar of the australopithecine maxilla found at Sterkfontein 
in 1936 (.see p. 145) differ from those of Pithecanthropus IV hy les.s than 0.5 mm. 
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the first molar are well preserved hut are in a somewhat worn con¬ 
dition. The first premolar is of the hominid type, bicuspid with 
well-marked anterior and posterior foveae, and show.s no tendency 
toward the .sectorialization which Ls characteristic of all known 
Pongidae (fossil anfl Recent). There is a surface indication of a 
.subdivision of the root, hut no .separation of the component ele¬ 
ments. The socket for the canine .shows that this tooth was sur¬ 
prisingly small, the total lengtli of the root being certainly not more 
than 20 mm. Von Koenigswald (54) mentions an isolated lower 
canine from Java, which he also refers to Meganthropus,” but 
gives no details of this specimen except to say that it is small (pre¬ 
sumably relative to the other teeth) and “in no way different from 
the canine of modern man except for the size.” It should be noted 
that the preserved teeth in the large 1941 Sangiran mandible are 
quite similar to those of the Pithecanthropus B mandible, except 
for their over-all dimension.s. Weidenreich has also empha.sized 
their strong resemblance to the corresponding teeth of the Pekin 
representatives of Pithecanthropus, particularly in the arrangement 
of the cusps, the distinctness of the anterior and posterior foveae, 
and the development of the cingulum of the first premolar tooth. 
Some authorities have interpreted the large mandibular fragments 
from Sangiran as evidence for the existence in Java during the 
Plei.stocene of "giant” hominids. This seems to be a misapplication 
of the term "giant,” which is commonly taken to refer to stature. 
But a large hominid jaw does not imply a giant individual. On the 
contrary, so far as other paleontological evidence goes, there is some 
rca.son for assuming a negative correlation between the size of the 
mandible and the total .stature. Certainly, in the ca.se of the Java¬ 
nese fossils, the femora, which can be assignetl with reasonable 
certainty to the Trinil horizon, provide no evidence of great height 
—estimates ba.scfl on these specimens indicate a stature of about 
5 feet 8 inches or less, and in no case more than 5 feet 10 inches. 
It has already been noted that all the.se thigh Imncs (incluiling the 
complete femur originally found by Dubois in 1891 and the in¬ 
complete shafts later di.scovered among other fossil material from 
Java) are quite similar to tho.se of H. sapiens; if there is any minor 
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difference of a biometric character, this has yet to be demonstrated. 

If the calvariae of Pithecanthropus are considered critically by 
themselves, it is perhaps not surprising that, at first sight, the 
original discovery gave rise to some doubt in the minds of anato¬ 
mists whether it represented a primitive hominid or a giant gibbon. 
But the latter interpretation was clearly based on the assumption 
that the skull of a giant gibbon would be only an enlarged replica 
of the skull of the known gibbon, reproducing, that is to say, the 
same relative proportions and the same shape. In fact, however, 
our present knowledge of processes of allometric growth of the 
skull and brain in closely related species or genera would lead us to 
suppose that if a giant gibbon ever did exist, the proportions of 
the skull and cranial cavity would have differed even more marked¬ 
ly from the known gibbon than a large chimpanzee does from a 
pygmy chimpanzee. Indeed, the Pithecanthropus calvaria provides 
an excellent illustration of the fallacies involved in the direct com¬ 
parison of shape and relative dimensions (whether by visual com- 
pari.son or biometric methods) without taking into account the 
factor of absolute size (sec p. 33). It was, no doubt, the super¬ 
ficial impression of “gibbonoid” affinities in the calvaria which led 
some authorities to persuade themselves that similar evidence 
could be detected in certain morphological details of the femur. 
In fact, however, as already mentioned, it has not been demon¬ 
strated that the femur shows any significant difference from H. 
sapiens. 

3. The Morphological Characters of the Chinese 
Hephesbntatives of Pithecanthropus 

It was entirely due to the care and foresight of Professor von 
Koenigswald that the important discoveries of Pithecanthropus 
which he made in Java shortly before the la.st war were preserved 
intact. On the eve of the Japanese invasion of Java, he distributed 
the valuable specimens among his friends of the local population, 
and when he him.self was liberated from captivity with the final 
defeat of the Japane.se, he was able to retrieve them intact. In the 
ease of the remains of Pithecanthropus found at Choukoutien near 
Pekin, the story was, unhappily, very different. At the end of the 
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war no trace of the fossils could be found. It is generally supposed 
that they had been crated for dispatch to a safe area and that the 
ship on which they had been loaded was sunk in the early stages 
of the war. Fortunately, however, detailed and comprehensive 
descriptions had been published by Davidson Black (6) and 
Weidenreich (113, 114, 116, 117), richly and accurately illustrated 
by drawings, photographs, and radiographs, and casts of the 
earlier fossils described by Davidson Black are available for study. 

There is no need to recount here in detail the history of the first 
discovery of Pithecanthropus in Pekin, for the story has been well 
told elsewhere (see Elliot Smith, 32, and Keith, 47). A single lower 
molar tooth found in 1927 at Choukouticn led Davidson Black—at 
that time professor of anatomy at Pekin University Medical Col¬ 
lege—to create a new genus and .species of the Hominidae, Sinan¬ 
thropus pekinensis. This decision, based as it was on one tooth only, 
was met with some skepticism; but Black’s inference that the tooth 
provided evidence for the existence in China during the Pleistocene 
of a primitive type of hominid showing certain simian characters 
displayed in a remarkable way his perspicacity as a comparative 
anatomist. For, two years later, in 1929, an uncrushed and almost 
complete calvaria of a very primitive type was found at the same 
site. Its similarity to Pithecanthropus I of Java was very obvious 
from the first, and subsequent studies and further discoveries 
finally made it clear that the Javanese and Chinese fossils were not 
generically distinct (Von Koenigswald and Weidenreich, 55). The 
generic term Sinanthropus has therefore now been discarded. There 
are certain minor differences, however, and, as already mentioned, 
these are held by some authorities to justify a specific distinction. 
Provisionally, therefore, P. pekinensis of China may be regarded as 
a species quite closely related to P. erectus of Java. 

Pithecanthropus pekinensis is known from fourteen calvariae 
(or fragments of calvariae), as well as portions of facial bones, 
many teeth, and a few limb bones.*® The main features of the skull 
are as follows (Fig. 11). The cranial capacity (based on Weiden- 

10. A complete list of all these remains (together with the -sites of their discovery 
and the publications where they have been described) i.s to be found in Weiden- 
reich’s monographs. 
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reich’s estimates from four calvariae) ranges from 850 to 1,300 cc., 
with a mean of 1,075 cc. So far as thi.s limited material goes, there¬ 
fore, it appears to indicate that the mean cranial capacity may 
have been about 100 cc. greater than that of P. erectus, and at it.s 
upper levels the brain volume of P. pekinensis actually comes well 
within the normal range of variation of H, sapiens. All the calvarial 
specimens show a marked platycephaly, with heavily constructed 



Kio. 11.—Skull and mandible of Pitlieeaniliropun pelnnensin, drawn from the east 
of a reeoti.struction by Weidenreieh. One-third natural size. 

supra-orbital and occipital tori and a rather well-marked sagittal 
ridge. They are relatively homogeneous in their general shape but 
differ considerably in size (possibly an expression of sexual varia¬ 
tion). Viewed from behind, they are broader at the base, the width 
of the skull diminishing from the level of the interauricular plane 
upward. Compared with P. erectus, the platycephaly is a little less 
extreme (though it should be emphasized that the cranial height 
can be only approximately estimated in the Javanese fo.ssils), and 
there is a di-stinct, but slight, convexity of the frontal .squama. The 
frontal sinus is unusually small in some of the .specimens (in P, 
erectus it is very large), though the other accessory air sinuses. 
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c.g., in the maxilla and the inastoul process, arc well developed. 
The bones of the .skull wall are of massive thickne.ss, the latter 
(according to Weidenreich) being due mainly to the thickening of 
the outer and inner tables. All the bones of the facial skeleton are 
likewi.se heavily constructed. The mandibular fossa is unu.sually 
deep, bounded in front by a conspicuous articular eminence. The 
tympanic plate is verj' thick and is tii.sposed more horizontally 
than in H. sapiens (resembling in this re.spect P. erecius, as well 
as the large anthropoid apes). The auditory aperture is wide; it 
varies in its shape but commonly has a transversely elliptical form. 
The ma.stoid proce.ss is relatively small. The nasal bones are said 
to exceed in width those of H. sapiens, and the nasal aperture 
(which is not bounded by a prena.sal groove) is conspicuously 
broad. The palate shows the typical hominid contour and is not 
exceptionally large in its .surface area. The cranial sutures appear 
to close earlier than they do in modern man. The mandible is ro¬ 
bust, with a bicondylar width which reaches the upper limit of that 
of modern races such as the Eskimo (and perhaps exceeds it). The 
angle of inclination of the symphysial axis, according to Weiden¬ 
reich, is about 60° and in this character corresponds with the 
Heidelberg mandible. There is no mental eminence. The digastric 
fossae (for the attachment of the digastric muscles to the back 
of the symphysial region of the jaw) arc elongated and narrow and 
do not extend to the vertical inner surface of the mandible as in 
Homo. The mental foramen is multiple in all the specimens found; 
indeed, there may be as many as five foramina—a remarkably 
simian feature. The ascending ramus is broad, and the mu.scular 
markings for the masseter and pterygoid muscles are strongly de¬ 
veloped. The articular surface of the condyloid process .shows no 
feature which differentiates it from that of Homo. The coronoid 
process is broad and thick and presumably served to attach a rather 
powerful temporal muscle. 

The endf>cranial cast of P. pekinensis has been studied by David¬ 
son Black (7) and also by Shellshear and Elliot Smith (99). From 
the accounts of these authors it is very closely similar to that of 
P. erectm and shows no real di.stinguishing features (Fig. 12). 

The dentition of P. pekinensis has been .studied in the greatest 
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detail by Weidenreich (114) on the basis of 147 teeth found at 
Choukoutien, representing probably 32 individuals. Of these speci¬ 
mens, 13 belong to the deciduous dentition. The teeth are large by 
modern standards, the enamel surface is frequently complicated by 
rather elaborate wrinkling, and the basal cingulum (i e., the thick- 



Fig. 12.—Lateral view of the endocranial casts of A, a male gorilla; B, Piihe- 
canthropm pekinerms; and C, Homo mjnens (the Sylvian notch is indicated by an 
arrow). One-third natural .size. 
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ening of enamel at the base of the crown of the tooth) is particular¬ 
ly well developed. The canines show considerable variation in size, 
shape, and robustness, but those of the upper dentition are fre¬ 
quently large and conical. However, it is important to recognize 
that, in spite of these primitive features, there is no evidence that 
they projected to any marked degree beyond the level of the ad¬ 
jacent teeth,and in the early stages of attrition they quickly be¬ 
came worn down to an even flat surface, in conformity with the 
occlusal plane of the dentition as a whole. Thus the upper and 
lower canines did not overlap, as apj)ears to have been the case 
in some of the Javanese representatives of Pithecanthropus. The 
first upper premolar may have two roots, with a surface indication 
of a third. The first lower premolar is a nonsectorial tooth of bi¬ 
cuspid shape, with a strong development of the lingual cusp. The 
two cusps, in fact, merit the term “subequal”; and herein the tooth 
contrasts strongly not only with that of the anthropoid ajies but 
also with modern H. sapiens. For in the latter the lingual cusp 
seems to have secondarily undergone quite a considerable retro¬ 
gression, being usually much smaller than the buccal cusp. The 
root is single but shows evidence of the fusion of two separate roots. 
The molar teeth show no special features, apart from their size and 
the strong development of their main cu.sps and some secondary 
cuspules. They show a flat wear, with even a moderate degree of 
attrition; in this feature they contrast quite definitely with the 
anthropoid apes. The second lower molar is slightly larger than 
the first, and the third molar is usually the smallest of the three. 
The dental arcade shows the even curvature characteristic of the 
Hominidae, and in none of the specimens is there a diastema. There 
is some evidence from immature jaws that in the eruption of the 
permanent dentition the second molar appeared before the canine, 
a .sequence which is characteri.stic of the anthropoid apes, but also 
of H. neanderthalensis and of certain modern races of man (e g., 

11. Weidenreich's statement to the contrary seems to have been based on the 
comparison of isolated teeth and on the assmiiption that the base line of the enamel 
of the canine tooth i.s level n ilh that of the adjacent teeth. This, however, is l)y no 
means the case. 
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Bantu). The deciduou.s dentition of P, pekinennis i.s distinguished 
by the fact that the first milk molar is rather strongly compressed 
from side to side and by the sharply pointed sha])e of the canine, 
which also has a well-developed cingulum. In both these features 
the deciduous dentition may be said to show a .slight degree of 
morphological approximation to that of the Pongidae. 

The limb bones found at Choukoutien comprise portions of 
seven femora, two humeri, a clavicle, and one of the carpal bones 
(os lunatum). It may be said at once that in no characters has it 
been satisfactorily demonstrated that any of these limb bones arc 
distinguishable from those of H. sapiens. Indeed, it has even been 
suggested that they actually are the remains of representatives of 
E. sapiens, who, on this view, were living at (Ihoukoutien contem¬ 
poraneously with Pithecanthropus. But this argument is based 
entirely on the a priori (and invalid) assumption that hominids 
with primitive characters of the skull and dentition should also 
show equally primitive characters in the limb .skeleton; and it takes 
no account of the improbabilities of finding in the same deposits 
the skulls and teeth of one genus of hominids (and no limb bones), 
and the limb bones of another genus of hominids (with no skulls 
or teeth). Moreover, as we have already noted, the femora from 
the Trinil deposits of Java, which on a strong presumption must 
be assigned to Pithecanthropus, are also of modern type. 

Of the seven femoral remains found at Choukoutien, one con¬ 
sists of almost the entire diaphysis, one of the proximal half of the 
diaphysis, and the others are still more fragmentary (116). They 
show a marked degree of platymeria (though not more so than may 
occur in E. sapiens), and the w'all of the shaft is unusually thick. 
Weidenreich expresses the opinion that in certain features of the 
curvature of the shaft the bones diflfer from those of modern man; 
but if such a difference does exist, it must be a very minor one, and 
it has not .so far been demonstrated by metrical analysis. In any 
case, it could hartlly be held to constitute by itself a very significant 
difference. On the other hand, the femoral shafts certainly lack the 
robu.stness and curvature characteri.stic of E. neanderthalensis. 
From the most complete shaft (femur IV), the total length of this 
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bone has been estimated by Weidciireich to have been 407 nun.; 
and from thi.s the total standing height of the individual i-s com¬ 
puted to have been 5 feet 1^ inches. If tliis were to he taken as 
representative of the local population as a whole (obviously, an 
unsafe a.s.sumption!), it would suggest that P. pekinemw was .short¬ 
er in stature than P. erectus. The humeral fragnient.s found at 
(ihoukoutien consist of a diaphysis of one bone and a small portion 
of the distal end of another one. Apart from the thickness of the 
.shaft walls, they show no distinguishing features at all. The 
clavicle and the os lunatum are also (juite similar to tho.se of II. 
sapiens. 

So far as the scanty fossil material i)ermit.s a comparison of the 
Javanese and (Chinese rej)re.sentatives of Pithecanthropus, it is 
probably true to .say that the former were more primitive in their 
smaller cranial capacity, more marked platycephaly, greater flat¬ 
tening of the frontal region of the skull, more heavily con.structed 
mandible, less pronounced curvature of the dental arcade, larger 
palate, a tendency to slight overlapp)ing of the canines with the 
occasional pre.sence of a diastema in the upper dentition, and the 
relative length of the last lower molar. There is also evidence that 
in Java Pithecanthropus extended back to a greater antiquity than 
in China, for while (as already noted) the faunal correlations of 
the Djetis deposits indicate an Early Pleistocene horizon, the 
Choukoutien deposits are no earlier than the Midtile Pleistocene 
(corre.sponding, according to some authorities, to the .second inter¬ 
glacial period). On purelj' morphttlogieal criteria, however, the two 
groups appear to be (juite clo.sely related, the distinction being 
certainly no more than a specific one.'“ 

It is not known certainly what degree of cultural development 
had been attained by P. erectus in Java, for the evidence is entirely 
negative. No implements were found in direct a.s.sociation with the 
skeletal remains. However, chopping tools, hand axes, and primi- 

12. Afcording to the view expre-ssed by 4't«i Koeiiigswald and Weideiireich (5S), 
the Javanese and Chinese groups of Pitheeanthropm “are related to each other in 
the same way as two d'fferent races of present mankind.” If further aeeessions of 
fos.sil material should sultstantiate this view, even a .specific distinction would 
clearly be unjastified. 
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tive flake tools of the Patjitanian industry have been recovered 
from deposits of a slightly later age, and it is not improbable that 
such tools were actually made and used during the Middle Pleis¬ 
tocene by hominids of the Pithecanthropus type in Java. At Chou- 
koutien, in the same deposits yielding remains of P. pekinen- 
sis, crude cores and trimmed flakes of quartz and silicified rocks 
were found, forming a local industry of an archaic, but fairly uni¬ 
form, character. Animal bones were also found, broken and 
chipped, apparently by design for use as tools. Finally, the re¬ 
mains of hearths throughout the deposits, as well as charred ani¬ 
mal bones, provide evidence that these early hominids were familiar 
with the art of making and using fire for domestic purposes, while 
the nature of their diet is indicated by collections of deer bones and 
hackberry seeds. It appears, therefore, that, in spite of the crudity 
of their stone and bone industry, the Middle Plei.stocene population 
of Pithecanthropus in China had already developed a communal 
life of a very active kind; and it is of particular interest that at this 
early time they had already acquired the intelligence and skill to 
use fire for culinary purposes. Some authorities have, indeed, ex¬ 
pressed doubt whether the Choukoutien culture actually was de¬ 
veloped by P. pekinensis, suggesting that it was the product of a 
more advanced type of hominid assumed to have been living con¬ 
temporaneously in the same neighborhood. But this suggestion has 
no factual evideiice to support it, being entirely based on the false 
supposition that hominids of such a primitive morphological sta¬ 
tus as Pithecanthropus would not be capable of developing the 
Choukoutien culture. In fact, so far as the archeological evidence 
can be assessed from the careful and detailed reports issued by 
those who excavated the sites at Choukoutien, the conclusion that 
the cultural and skeletal remains were found in true association 
seems reasonably secure. It may also be emphasized (as noted 
above) that, in spite of the low average cranial capacity of P. 
pekinensis, in some individuals it came well within the normal 
range of variation for modern H. sapiens. So far as the volume of 
the brain is concerned, therefore, there is no anatomical rca.son for 
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supposing that Pithecanthropus was not capable of establishing a 
primitive culture.'® 

4. The Genus Pithecanthropus and Its 
Relationship to Homo 

The recognition of the genus Pithecanthropus has been based on 
the skeletal remains of a number of individuals from Java and 
China, which, as we have seen, show a moderate degree of individu¬ 
al and geographic variation. But they comprise a group whose 
morphological characters are held by most anthropologists to be 
sufficiently consistent and distinctive to justify their generic sepa¬ 
ration from Homo. If this is so, it is a matter of some importance 
(particularly for future reference in paleoanthropology) to provide 
at least a provisional diagnosis of the genus, and the following 
formal definition is suggested. 

Pithecanthropus —a genus of the Hominidae characterized by a 
cranial capacity with a mean value of about 1,000 cc.; marked 
platycephaly, with little frontal convexity; massive supra-orbital 
tori; pronounced postorbital constriction; opisthocranion coinci¬ 
dent with the in ion; vertex of skull marked by sagittal ridge; mas¬ 
toid process variable, but usually small; thick cranial wall; tym¬ 
panic plate thickened and tending toward a horizontal disposition; 
broad, flat nasal bones; heavily constructed mandible, lacking a 
mental eminence; teeth large, with well-developed basal cingulum; 
canines sometimes projecting and slightly interlocking, with small 
diastema in upper dentition; first lower premolar bicuspid with 
subequal cusps; molars with well-differentiated cusps complicated 
by secondary wrinkling of the enamel; second upper molar may be 

13. A brief reference should be made in this chapter to the few isolated teeth 
referred by Von Koenigswald (53) to the genus Gigantopitheous. This author regards 
the genus as probably “the latest survivor of an Asiatic stock which more or less 
parallels the human line,” while Weidenreich (118) took the view that it represents 
a giant hominid. Through the kindness of my friend Professor von Koenigswald 
I have l)een able to examine these interesting specimens. But, while recognizing that 
the molars show certain morphological characters suggestive of the Hominoidea as 
a whole, it seems to me that they present so many aberrant features that their pre¬ 
cise nature is for the present indeterminate. The teeth were found in Chinese drug¬ 
stores (where fossil bones and teeth are commonly sold for medicinal purposes), 
and their exact provenance us thus conjectural. 
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larger than the first, and the third lower molar may exceed the 
second in length; limb bones not distinguishable from those of II. 
sapiens. 

It will be rioted from this definition that the distinction between 
Pithecanthropus and II. sapiens is pronounced. Indeed, the cranial 
and dental differences (a.s well as the even more significant con¬ 
trast in cranial capacity) appear to he as well marked as those 
which are commonly accepted as justifying a generic distinction 
between the gorilla and chimpanzee. The distinction between 
Pithecanthropus and II. neanderthalensis is at first sight less ob¬ 
trusive; but that it is a real distinction is made evident by the 
still greater difference in cranial capacity, the differences in the 
limb skeleton, and the more primitive features of the dentition in 
Pithecanthropus (at lea.st in the Javane.se forma). It is made all the 
more evident by a consideration of the evolutionary history of H, 
neanderthalensis, which has led to the conclusion that the latter 
.species was .secondarily derived from a type of hominid more clo.sely 
akin to II. sapiens uiul that its evolutionary development was 
a,ssociated with certain retrogressive changes in the skull. These 
cranial modifications show some resemblance to Pithecanthropus 
(e g., in the platycei)haly and the strong development of the supra¬ 
orbital torus); but, in so far as they are retrogressive features, the 
resemblance is clearly not indicative of close phylogenetic relation- 
.ship. 

The relationship of Pithecanthropus to Homo is obviously a mat¬ 
ter of the greate,st interest for the problem of the origin of our own 
.siweie.s. There is, indeed, a general consensus of opinion that 
Pithecanthropus stands in an ancestral relationship to Homo. This 
does not mean (as we have already emphasized) that the Far East¬ 
ern population of this genus was it.self the actual ancestral group— 
it mean.s, at the mo.st, that the genus Pithecanthropus was probably 
ancestral to the genus Homo-, if so, of cour.se, the transition from 
one to the other may have occurred in .some other part of the world. 
The evidence for .such a hypothesis is dependent on the following 
line of reasoning; (1) The morphological characters of Pithecan¬ 
thropus conform very well with theon^tical postulates for an inter- 
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mediate stage in the evolution of Homo from still more archaic 
types approximating to the presumed common ancestral stock of 
the Pongidae and Hominidac. These theoretical postulates arc 
based on comparative anatomical studies of the modern representa¬ 
tives of those two subdivisions of the Hominoidea and by analogy 
with the known evolutionary history of other mammalian groups, 
(2) The existence of Pithecanthropus in the Early Pleistocene, ante¬ 
dating any of the well-authenticated fossil remains of Homo, pro¬ 
vides it with an antiquity which conforms well with the suggested 
ancestral relationship. (3) Pithecanthropus, pre-Mousterian homi- 
nids such as that represented by the Steinheim skull, and modern 
types of H. sapiens of the late Paleolithic i)rovide a temporal se¬ 
quence which appears to illustrate a satisfactorily graded series of 
morphological changes leading from one type to the other. These 
arguments are precisely similar to those which have, for example, 
led to the conclusion that the genera Merychippus and Pliohippus 
were ancestral to Equus. But, whereas the fo.ssil record of the 
Equidae has now accumulated in such detail that this phylogenetic 
sequence is as well demon.strated as any is ever likely to be on the 
evidence of paleontology, fossil hominid material is still very 
scanty indeed. Thus the inference that the genus Pithecanthropus 
was ancestral to genus Homo must be accepted for the present as 
not very much more than a working hypothesis, liut it is a working 
hypothesis which has the perfectly rea.sonable basis that it is con¬ 
sistent with the evidence so far available. 

If the thesis is correct that the Hominidac and the Pongidae are 
divergent radiations from a common ancestral stock—the result, 
that is to say, of a phylogenetic dichotom^v—the evolutionary pre¬ 
cursors of Pithecanthropus must presumably have shown morpho¬ 
logical characters approximating much more nearly to a simian 
level of evolution. To some extent these characters might be 
tentatively predicated by a consideration of comparative anatomi¬ 
cal data, by extrapolation backward of the Pithecanthropus-Homo 
sequence, an<l by analogy with the sort of morphological grada¬ 
tions which are known (from more complete fossil records) to have 
occurred in the evolution of other mammalian groups. For cxamjjle. 


107 



Pithecanthropus 

it is evident enough that one of the main features of hominid evolu¬ 
tion (at least in its later stages) has been the progressive develop¬ 
ment of the brain; and there is some evidence that in the Early and 
Middle Pleistocene it proceeded with unusual rapidity in compari¬ 
son with evolution rates in general (see Haldane, 37). It may be 
presumea. therefore, that in the immediate ancestor of the genus 
Pithecanthropus the cranial capacity would certainly have been 
still smaller-perhaps, indeed, not very much greater than that of 
the largest anthropoid ape of today, the gorilla. With this would 
probably have been associated massive jaws and large teeth simi¬ 
lar to those of Pithecanthropus, but of somewhat more impressive 
proportions, and, in further correlation, powerful temporal and 
masseter muscles with extensive areas of bony attachment to the 
skuU. Since the essential characteristic features of the hominid 
dentition (by which it is so strongly contrasted with the pongid 
type of dentition) were already well established in Pithecanthropus, 
it might be expected that in the immediately ancestral genus these 
hominid features would also be clearly evident (in spite of the size 
of the teeth), though no doubt more primitive in certain details. 
Lastly, the fact that in Pithecanthropus the limb bones had already 
fully achieved the morphology and proportions of H. sapiens 
strongly suggests that the evolutionary modifications of the limbs 
related to erect bipedalism had been acquired very early in the line 
of hominid development and would thus already be apparent in 
the ancestral genus. These inferences are, of course, based on in¬ 
direct evidence and are capable of verification only by the dis¬ 
covery of actual fossil remains. The remarkable fact is that they 
actually have been verified to a large extent by the discovery of 
the australopithecine fossils in South Africa (which are discussed 
in the next chapter). 

A point of some importance emerges from the supposition that 
the precursors of Pithecanthropus in the hominid line of evolution 
may have possessed a cranial capacity not much larger than that 
of an anthropoid ape and were therefore, in this particular charac¬ 
ter, not clearly distinguishable from an anthropoid ape. As we have 
already noted (p. 10), the combined evidence of comparative 
anatomy and paleontology makes it fairly evident that the pongid 
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and hoiiiinul radiations had become definitely segregated for sev¬ 
eral millions of years before the expansion of the brain in the 
Ilominidae had become at all obtrusive. If this is so, the taxonomic 
interpretation of the fossil remains of an early hominoid with 
small cranial capacity—whether it is to be allocated to the Homini- 
dae or whether it is to be grouped with the Pongidae—will have 
to depend on the analysi.s of other morphological characters 
which may be accepted as diagno.stic of the evolutionary radia¬ 
tions to which the terms “Honnnidae” and “Pongidae” arc properly 
applied. It is here, obviously, that some attempt must be made to 
define the Hominidae, the more so because different meanings at¬ 
tached to the terms “Hominidae” and “hoininid” by different 
authorities have quite evidently led to much of the confusion of 
thought that is so commonly to be fouml in discussions on human 
origins. Such a definition must be based primarily on a considera¬ 
tion of the dominant evolutionary trends*^ which have character¬ 
ized this taxonomic group (and which thereby serve to differen¬ 
tiate it from the evolutionary trends in opposite and contrasting 
directions which have characterized the Pongidae); and the for¬ 
mulation of these trends, again, mu.st be based objectively on a 

14. It should perhaps be emphasized that the phrn.se "evolutionary trciid.s 
i.s not meant to refer here to the inherent trends of evolution which have been postu¬ 
lated by orlhogenetioists. It refers to the graduated sequence of morphological 
change.s which must obviously have occurred in phylogenetic history to produce the 
kr.own end-products of evolution and which in .some ca.ses has been demonstrated 
(or at least partly confirmed) by paleontological evidence. Identical evolutionary 
trend.s in related groups imply a community of origin, since they must depend on the 
pos.seasion of .similar genetic constitutions associated with similar potentialities for 
producing the same mutational variations, an<l on these, again, depends the ability 
to achieve the .same adaptations. In other words, identical evolutionary trends imply 
phylogenetic relationship and are to be taken into account in assessing the homo¬ 
geneity of major taxonomic groups. It may be argued that two independent groups 
derived from a remote common ancestry might have followed identical evolutionary 
trends, leading to end-products not morphologically distinguishable. The answer to 
this argument is that, on the basis of the natural selection of random variations, the 
genetic probabilities are entirely against such a proposition, and in any case paleon¬ 
tology provides no evidence for extreme parallelism of this .sort (see p. 17). So 
far as the Hominoiden are concerned, it is, of course, theoretically possible that this 
group may have given rise in the past to other evolutionary radiations besides the 
Pongidae and Hominidae. But, again, if thus is so, no fossil evidence of any such 
radiation has yet been found. 
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consideration of the end-products of hominid evolution, as well 
as on the paleontological evidence so far available. For the paleon¬ 
tologist, also, the definition must be limited to those characters 
which are available for study in fossilized remains, i.e., the skull, 
skeleton, and dentition. The following definition of the Hominidac 
is 8ugge.sted. 

Family Hominidae—a subsidiary radiation of the Hominoidea 
distinguished from the Pongidae by the following evolutionary 
trends: progressive skeletal modifications in adaptation to erect 
bipedalism, shown particularly in a proportionate lengthening of 
the lower extremity, and changes in the proportions and morpho¬ 
logical details of the pelvis, femur, and pedal skeleton related to 
mechanical requirements of erect posture and gait and to the mu.s- 
cular development associated therewith; preservation of well- 
developed pollex: ultimate loss of opposability of hallux; increasing 
flexion of basicranial axis associated with increasing cranial height; 
relative displacement forward of the occipital condyles; restriction 
of nuchal area of occipital squama, as.sociated with low position of 
inion; consistent and early ontogenetic development of a pyramidal 
mastoid process; reduction of .subnasal prognathism, with ultimate 
early disappearance (by fusion) of facial component of premaxilla; 
diminution of canines to a spatulate form, interlocking slightly or 
not at all and .showing no pronounced .sexual dimorphism; di.sap- 
pearaiice of diastemata; replacement of sectorial first lower pre- 
molars by bicuspid teeth (with later .secondary reduction of lingual 
cusp); alteration in occlusal relationships, so that all the teeth tend 
to become worn down to a relatively fiat even surface at an early 
stage of attrition; development of an evenly rounded dental arcade; 
marked tendency in later stages of evolution to a reduction in size 
f)f the molar teeth; progressive acceleration in the replacement of 
deciduous teeth in relation to the eruption of permanent molars; 
progrcs.sivc “molarization” of first deciduous molar; marked and 
rapid expansion (in some of the terminal products of the hominid 
sequence of evolution) of the cranial capacity, associated with 
reduction in size of jaws and area of attachment of masticatory 
mu.scle.s and the development of a mental eminence. 
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It is to be noted that this provisional definition of the family 
Honiinidae is not intended to be exhaustive, but merely represent¬ 
ative of some of its main distinguishing features. It is also to be 
noted that all the characteristic evolutionary trends have not nec¬ 
essarily proceeded synchronously; as we have already emphasized, 
paleontological evidence of evolutionary .sequences in general show 
that they not uncommonly proceed at different rates. But by an 
analysis of the total morphological pattern of a fossil hominoid 
(provided that suflScient data are available) it should be possible, 
even in relatively early stages of their initial segregation and di¬ 
vergence from one another, to determine whether such a fossil is 
repre.sentative of the evolutionary sequence already committed by 
incipient changes to the developmental trends characteristic of 
the Hominidae, or to those characteristic of the Pongidae. 

For comparison with the Hominidae, the Pongidae may be de¬ 
fined in the following terms. 

Family Pongidae —a subsidiary radiation of the Hominoidea 
distinguished from the Hominidae by the following evolutionary 
trends: progressive skeletal modifications in adaptation to arboreal 
brachiation, shown particularly in a proportionate lengthening of 
the upper extremity as a whole and of its different segments; ac¬ 
quisition of a strong opposable hallux and modification of morpho¬ 
logical details of limb bones for increased mobility and for the mus¬ 
cular developments related to brachiation; tendency to relative 
reduction of pollex; pelvis retaining the main proportions charac¬ 
teristic of quadrupedal mammals; marked prognathism, with late 
retention of facial component of premaxilla and sloping symphysis; 
development (in larger spmeies) of massive jaws associated with 
strong muscular ridges on the skull; nuchal area of occiput becom¬ 
ing extensive, with relatively high position of the inion; occipital 
condyles retaining a backward position well behind the level of the 
auditory apertures; only a limited degree of flexion of basicranial 
axis associated with maintenance of low cranial height; cranial 
capacity showing no marked tendency to expansion; progressive 
hypertrophy of incisors with widening of symphysial region of 
mandible and ultimate formation of “simian shelf”; enlargement of 
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strong conical canines interlocking in diasteinata and showing 
distinct sexual dimorphism: accentuated sectorialization of first 
lower premolar with development of strong anterior root; post¬ 
canine teeth preserving a parallel or slightly divergent alignment 
in relatively straight rows; first deciduous molar retaining a pre¬ 
dominantly unicuspid form; no acceleration in eruption of per¬ 
manent canine. 

Again it is to he noted that these evolutionary trends have not 
all proceeded at the same rate, nor have they all been realized to 
the same degree at the same stage of evolution, For example, there 
is now good evidence that in the Miocene the dental morphology 
characteristic of the Recent Pongidae had already been acquired 
(except for the hypertrophy of the incisors and the associatetl de¬ 
velopment of a “simian shelf” in the mandible); but the limb skele¬ 
ton at that time still retained many primitive features suggesting 
quadrupedal locomotion of the cercopithecoid type (61, 66, 67). It 
seems probalile, imleed, that the extreme specializations of the 
limbs for arboreal bracliiation may have been a relatively late 
development in the evohition of Pongidae. It has actually been 
argued that the.se Miocene hominoids are not to be regarded as 
pongids in the pro[)er .sen.se of tlie term, since they did not .show 
some of the extreme .specializations that arc eharacteri.stic of the 
modern anthropoid apes. Hut this is to take much too narrow and 
static a view of taxonomic nomenclature (see p. 12). In so far as 
the term “Pongidae” refers to the .subsidiary radiation of the 
Ilominoidea which culminatcfl in the development of the modern 
anthropoiii ape.s, it must include all tho.st‘ types repre.sentative of 
the earlier pha.ses of pongid evolution after this group had become 
definitely .segregated from the {'ercoi)ithecoidea. Studies of com¬ 
parative anatomy make it certain that the ancestral stock from 
which the modern anthnipoid ape.s aro.se must have .shown ju.st 
.such a cond)ination of characters of an intermediate kind as thoise 
found in the Miocene hominoids; and a critical examination of the 
latter also makes it clear that they had already become flefinitely 
.segregated from the ('ercopithecoidea ami were committed (.so to 
speak) to the evolutionary trends characteristic of the Pongidae. 


CHAPTER IV 


A ustmlopithecus 

l. The Phovknancb of the Australopithectne Fossils 

In 1925 Professor R. A. Dart (2(*), of the Witvvatersrand Univer¬ 
sity in Johannesburg, desorihed the well-known Taung' skull from 
Hechuanaland as representing a new tyi^e of hominoitl, to which he 
gave the generic name ^[ustralopiihecns? Tie jiointed out that, in 
spite of the obviously apelike proportions of the brain case, the 
relatively largo jaws, and the pronounced prognathism, there are 
certain features (particularly, in the dentition) in which this fossil 
hominoid approximates more closely to the Hominidae than any of 
the known anthropoid apes do. In general, other anatomists agreed 
that this certaiidy was so, but some regarded the morphological 
resemblances as little more than interesting examples of paralleli.sm 
having no particular reference to hominid evolution. In 1936 and 
the following years, the late Dr. Robert Broom (at that time work¬ 
ing at the TraiLsvaal Mu.seum, Pretoria) discovered at three sites 
near Johanne.sburg (Sterkfontein, Kromdraai, and Swartkrans) 
much more numerous and complete remains of similar hominoids, 
comprising many .skulls, .several jaws, parts of the limb skeleton 
(including two well-preserved specimens of the os innominatum), 
and over a hundred teeth. In these excavations and in the study of 
the fossil material he was a-ssi.sted by' Mr. J. T. Robinson, M.Sc. 

1. This place-nmne has uaiwlly been spelt “Taungs,” but it now appeam (hat 
the teniiiiial /. has lieeii aihied in error. 

2. AuKtraloiniheeu.t inean.s “the .southern ape" mifl refers to the fact that this 
fossil hominoid live<l in the Southern Hemisphere. The tenn has l)een eritieized on 
ctymologieal grounds. But its main disadvantage is that it is liable to eonvey to the 
rea<ler of popular expositions the suggestion of a ennnection with Australia and 
also that (as it has now turned out) the ereatun* is eertaitdy not an anthropoid ape 
in the taxonomic sense. 
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Broom died in 1951 at the age of eighty-four; and since then Mr. 
Rohinson has been responsible for continuing the excavations and 
for making still further important discoveries. At another site 
altogether, in cave deposits at Makapansgat (about 150 miles 
north of Johannesburg), Dart found, in 1947 and later, more re¬ 
mains of Australopithecus, including an immature mandible, an 
occiput, a pelvis, and a maxillary fragment. It is apparent, there¬ 
fore, that the Australopithecinae were widespread in the Trans¬ 
vaal. 

With his collaborators. Broom described his remarkable collec¬ 
tion of fossils in a number of separate papers and in three mono¬ 
graphs (16,17,18). The material now available is so abundant that 
it will certainly tJke several years before anything like an exhaus¬ 
tive account of it can be completed.® Broom himself well recog¬ 
nized this, and in the monographs published by the Transvaal 
Museum he attempted little more than to provide a general survey 
of his discoveries, illustrated by photographs and drawings. But 
his descriptions made it very evident that Dart’s first appraisal 
of the Taung skull was approximately correct—that is, that, mor¬ 
phologically, Australopithecus approximates to the Hominidae much 
more closely than any of the known anthropoid apes do (whether 
Recent or extinct) and that the genus as a whole may well include 
the anceistral stock from which Homo was derived (or that, at the 
least, it was very closely related to the ancestral stock). The history 
of these discoveries in South Africa has already been recounted 
more than once, and there is thus no need (except incidentally) to 
repeat it again here. All the australopithecine remains have been 
derived from cave deposits or fissures in formations of dolomitic 
limestone and in most cases were firmly imbedded in a dense 
stalagmitic matrix. Tin* deposits are mostly in the form of a breccia 
in which stratification is either ab.sent or too poorly defined to per¬ 
mit, with any degree of assurance, a relative geologic dating on 

3. No attempt has been made here to list all the australopithecine material, 
partly becaase of its great abundance, partly because much of it has yet to be de¬ 
scribed, and partly l>ecause~even as these words are being written—further im¬ 
portant discoveries are being made. 
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this basis. Estimates of antiquity, therefore, were at first based 
almost entirely on the associated fauna. Here, however, a real dif¬ 
ficulty presents itself, for the faunal correlations of the South 
African Tertiary and Quaternary periods have still to be worked 
out. Many of the mammalian remains found in the australopithe- 
cine deposits belong to extinct forms (e.g., Machairodus, Griqua- 
therium, Lycyaena, Hyaenictis, Dinopithecus, Notochoeriis, and a 
chalichothere). On the basis of some of these fossils, e.g., Lycyaena, 
which in Europe is representative of a mid-Pliocene age, it has been 
argued that the antiquity of Australopithecus in South Africa ex¬ 
tended back into the Pliocene. But it is well known that a number 
of mammals which became extinct in Europe before the Pleistocene 
actually survived to a much later date in South Africa, and this 
may have been the case with such types as Lycyaena.* The fact 
that remains of Equus have been recovered from some of the de¬ 
posits certainly indicates that the latter are Pleistocene, though 
there appears some doubt whether these remains were in all cases 
derived from exactly the same geological horizon as Australopithe¬ 
cus. There now seems to be general agreement that all the aus- 
tralopithecine deposits are not very widely separated in geological 
time, and it is also probably fair to say that most geologists and 
paleontologists who have studied the evidence on the spot accept 
a dating of Villafranchian at the earliest—that is to say, the early 
part of the Lower Pleistocene. Robinson (87) still inclines to the 
opinion that “Upper Pliocene seems the most reasonable date as an 
approximation for the deposits as a whole,” partly on purely geo¬ 
logic evidence and partly because, although stone implements oc¬ 
cur in the Transvaal in considerable quantities and date back to 
early in the Pleistocene, none has been found in the australopithe- 
cine deposits (which, he therefore assumes, probably antedate the 
earliest artifacts). But he is careful to point out that these cannot 
be considered definite proofs of age—"they are pointers to the 

4. .4s (.’ooke (25) has pul it: “It seeins that this southern tip of the African conti¬ 
nent was in the nature of a cul-de-aac in which archaic forms survived long after 
they had become extinct in the more rigorous and variable climate of Quateniary 
Europe.” 
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general order of magnitude.” lie agrees, in any ease, that the 
faunal assemblages “seem to be more or less of a Villafranchian 
type and thi.s fixes a somewhat vague upper limit to the age” (i.e., 
the Early Pleistocene). But, apart from the indications which they 
may provide of geologic age, some of the mammalian remains in the 
au.stralopithecine deposits provide very important ancillary evi¬ 
dence of the climatic environment at the time, for they confirm the 
geologic evidence that it was not very different from the present 
time, that is to say, a climate tending to aridity—it certainly was 
not a region of tropical forest, such as is suitable for arboreal 
anthropoid apes as we know them today. 

More recent studies by Oakley (80), which have led to a further 
clarification of the chronology of the australopithecine sites, may 
be briefly summarized as follows. The Sterkfontein and Makapans- 
gat deposits appear to be approximately contemporaneous with 
the Taung breccia in which the original skull was found, and they 
may all be referred provisionally to the second half of the Afri¬ 
can pluvial period called the "Kageran” (which corre.sponds to 
the latter part of the Villafranchian). The Au.stral()j)ithecinae 
found at the.se sites were thus living at a time when the climate was 
becoming increasingly arid. The Kromdraai and bwartkrans de¬ 
posits, on the other hand, were probably laid down at the begin¬ 
ning of the succeeding Kamasian pluvial period—a period of de¬ 
creasing aridity. If this dating is correct, it means that the Aus- 
tralopithecinae were .still living in South Africa at a time when 
tool-making hominids had already reached the Tran.svaal, for j)eb- 
ble-tools have been found in gravels that were evidently laid down 
before the end of the Kageran period. There is so far no positive 
evidence that the .\u.straIopithecinae thern.selves made the.se tools, 
for none has been found in a.s.sociation with their fo.ssilized remains. 
The.se remains, however, have been found only in caves and fi.s- 
sures, where in .some cases they were ])erhaps carried by predatory 
carnivores; there is no evidence that the caves were actually in¬ 
habited by the Australopithecinac. 

The establishment of the preci.se chronology of the australo- 
pithccine deposits is clearly a matter of considerable imi)ortance, 
and the region of Makay)an.sgat offers the most favorable prospects 
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for gaining this iiiforination. Tliis valley contuiiis a niiniher of caves 
with deposits ranging from tlie Kagerau period to the Middle Stone 
Age of South Africa, and it may be possible to define a chronologi¬ 
cal series linking up the deposits in this area from which australo- 
pithccine remains were derived with those containing known se¬ 
quences of Paleolithic industries. 

2. The Nomenclatuhk of the AusTitALOPiTiiEciNE Fossms 

The species represented })y the 'raung .skull was named Aus¬ 
tralopithecus qfricamis. Suhsequent discoveries by Broom led him 
to posUdate three other genera— Tdanthropus, Plesianlhropus, and 
Paranthropm —and to divide the la.st into two .species, P. rohusius 
and P. crassidens} 'riie au.strak)pithecine material found at 
Makapansgat led Dart to create .still another .species of Australo¬ 
pithecus — A. prometheus.^ This multiplication of taxonomic terms 
undoubtedly tended to sidetrack the main is.sues in the contro¬ 
versies which followed the first announcements of the di.scoveries, 
and it was |)robably al.so re.sponsible for some degree of the skep¬ 
ticism at first expressed by certain anatomists in regard to them. 
Broom thought he was able to detect morphological differences 
which justified the recognition of four genera, and he helieved this 
was further supported by paleontological evidence of a cojisider- 
able gap in geologic time .separating one genus from another. How¬ 
ever, as we have noted, the con.sen.sus of opinion among geologists 
who have examined the sites is that they are, broadly .speaking, 
contemporaneous or that, in any ca.se, the time .sequences are not 
so different as to ju.stify generic distinctions which have only a 
doubtful morphological basis. But the main point of critieism is 
that at the time of their discovery none of the several genera and 
species were adequately tlefined in formal diagnoses, nor has it yet 
been really .satisfactorily demonstrated that the inor]:)hological 

5. According to Broom’s (■lassifi<-!itioii, Pleitianihropus occurs al the Sterkfoiitein 
.site, Australojritheem at Tauiig, Parmithrapux nibiixtiiii al Kroindraai, and P. 
craxmdertx and Tdanlhrupns iii Swartkrans. 

0. The specific name prumriheu.i wa.s suggested liy certain inferences which 
Dart made from tlie local dcpo.sit, that the australopithccinc iialividujds of 
Makapaii.sgat had learned the nsi- of fin". But it i.s now agreed that these' infert'nces 
w'ert' hast'd on mistaken evitlence. 
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differences are really greater than may be explained by individual 
or sexual variation or by variations in local races of the same spe¬ 
cies. Such differences as do exist may justify subspecific distinctions 
or possibly even specific distinctions. But it appears certain that, 
at the most, they are no greater than those which (for example) 
distinguish the two closely related species of chimpanzee, Pan 
mtyrus and P. paniscus. The crucial argument for the taxonomic 
differentiation of the South African fossil hominoids must ulti¬ 
mately depend on (1) the demonstration of the range of variation 
which each local group shows and (2) how far the variations com¬ 
pare with those which are accepted as adequate for specific or 
generic distinctions in other related groups of hominoids (i.e., in 
the Hominidae and Pongidae). In agreement with Washburn and 
Patterson (110), the view taken here, at least provisionally, is that 
all the australopithecine remains so far discovered represent one 
genus only, Australopithecus, but that they may represent more 
than one species. In order to avoid confusion, they will collectively 
be referred to as the Australopithecinae, even though it may even¬ 
tually be decided that to place them in a separate subfamily is 
carrying their taxonomic distinction too far. So far as the different 
local groups of the Australopithecinae are concerned, it seems 
better, for the present, to avoid the different generic and specific 
terms which have been applied by their discoverers (apart from 
Australopithecus) and to use the place-names of the local sites for 
reference purposes. Thus we may refer to the Kromdraai skull 
(instead of the skull of Paranthropus) or the Sterkfontein pelvis 
(instead of the pelvis of Plesianthropus). 

3. The Morphological Characters of 
THE Australopithecinae’’ 

The cranial, skeletal, and dental morphology of the Australo¬ 
pithecinae is now known from fossil material notable for its great 

7. I wish to express my indebtedness to Professor Raymond Dari atid the late 
Dr. Robert Broom for all the facilities which they provided in order to allow me to 
study the fossil material in their care in 1947 and also to visit the sites where they 
were discovered. I am also most grateful to Mr. J. T. Robinson for giving me the 
opportunity of examining some of the more recently discovered fossils. 
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quantity and for the completeness and excellent state of preserva¬ 
tion of many of the specimens. Indeed, it is probably true to say 
that we now know a good deal more about the anatomy of this 
group and its range of morphological variation than of any other 
group of fossil hominoids. 


THE SKULL AND ENDOOKANIAL CAST 

Skulls and mandibles (or portions of them) representing juve¬ 
niles, adolescents, and adults young and old have been found at 
the sites of Taung, Sterkfontein, Kromdraai, Swartkrans, and 
Makapansgat. The finest .specimen of a skull was exposed at Sterk¬ 
fontein in 1947 (Sterkfontein skull V)—a practically complete and 
undistorted skidl, from which, however, the mandible was missing 
(Fig. 13). It was found imbedded in a dense stalagmitic matrix and 
was developed therefrom with consummate skill by Broom (17). 
Almost complete, but somewhat crushed, skulls have also been 
found at Swartkrans. The Taung specimen consists of the facial 
part of a juvenile skull, almost complete and undistorted, as¬ 
sociated with a natural endocranial cast. Still other skull relics are 
represented by portions of the cranium and facial skeleton from 
most of the sites in the Transvaal, numerous specimens of the 
maxilla and palate, and several mandibles. Some of this other ma¬ 
terial is rather fragmentary, but nevertheless provides informa¬ 
tion of critical importance. 

The most obvious feature of the skull as a whole is the combina¬ 
tion of a small brain case with large jaws, and it is this which gives 
to it .such a simian appearance. It is well to emphasize these simian 
proportions from the outset, because (as well recognized by Dart, 
Broom, and others) they are primitive characters in which the 
Australopithecinae contra.st very strongly with Homo or even 
Pithecanthropus. But it is also important to note that, while the 
general proportions are certainly “simian,” in the sense that they 
approximate to the level of development still preserved by the 
modern anthropoid apes, they are not necessarily of taxonomic 
significance for the problem of deciding whether the Australo¬ 
pithecinae should be allocated in a natural classification to the 
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Fia. 13.—The skull of A, a female gorilla, compared with B, the Slerkfonteiu 
au-stralopitheciiie skull No. 6. In the latter the mandible and dentition have been 
recomstructed by reference to numerous other specimens. Note the rcktive positions 
of the occipital protuberance (Or), the occ-ipital condyle (C), and the sq^mous 
suture (S^l.Thc arrow indicates the a.xia of the foramen luagnum. Approximately 
one-third natural size. 
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Pongidae or to the Hominidae. For we have already noted (p. 11) 
that the combination of a small brain case of approximately simian 
dimensions with large jaws must certainly have been a character¬ 
istic of the early phases in the sequence of hominid evolution, that 
is to say, after the Hominidae had become definitely segregated 
in their evolutionary history from the Pongidae. 

The range of variation in the cranial capacity of the Australo- 
pithecinae is not certainly known, but it was evidently quite con¬ 
siderable. Two specimens from Sterkfontein (a skull and a natural 
endocranial cast) give fairly reliable estimates of 435 and 480 cc. 
A partial endocranial cast of another Sterkfontein skull (much 
crushed) was estimated by Broom and Robinson to have had a vol¬ 
ume, when complete, of about 530 cc. The endocranial cast of the 
immature Taung skull (the right half of which is almost complete) 
has an estimated volume of rather more than 500 cc. In this in¬ 
dividual the deciduous dentition was still in place, and the first 
permanent molar had recently erupted. On the assumption that 
the rate of brain growth in the Australopithecinae was equivalent 
to that of modern anthropoid apes, it may be estimated that the 
cranial capacity of the adult Taung individual would have approxi¬ 
mated to 600 cc., with a theoretical upper limit (according to 
Zuckerman, 127) of 785 cc. The remains of the skull found at 
Kromdraai do not permit of even an approximate estimation of 
cranial capacity, but it is at least apparent from the size of the 
endocranial casts of the preserved temporal and cerebellar regions 
of the cranial wall that it must have exceeded that of the Sterk¬ 
fontein specimens; according to Broom and Schepers, it might have 
reached 650 cc. The australopithecine occipital bone found at 
Makapansgat exceeds in certain of its dimensions those of the 
Sterkfontein skull V, and this presumably implies also a greater 
cranial capacity. Indeed, Dart concludes that the capacity was 
not less than 650 cc., but the evidence for such an estimate seems 
too meager to be reliable, even as an approximation. The Swart- 
krans skulls and jaws are considerably larger than those found at 
Sterkfontein, but, unfortunately, none of the calvariae are suf¬ 
ficiently well preserved to permit accurate estimates of cranial 
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capacity. Broom suggested a volume of up to 800 cc. for the skull 
found in 1949, and about 750 cc. for that found in 1950. These 
estimates were based on reconstructions in which allowance was 
made for the distortion caused by crushing. Obviously, therefore, 
they can be no more than approximations (as Broom himself in¬ 
dicated).® Finally, an immature skull found at Swartkrans (equiv¬ 
alent in dental age to a modern human child of seven years) has 
been estimated by Broom, also on the basis of a reconstruction, 
to have had a cranial capacity of 750-800 cc. There is little doubt 
that, with the further excavations still in progress in South Africa, 
additional crania will eventually be forthcoming which will permit 
more accurate estimates of cranial capacity. But, so far as the avail¬ 
able evidence now goes, it may be accepted that the range of varia¬ 
tion in the Australopithecinae probably extended from about 450 
cc. to about 700 cc. This compares with 685 cc. for the largest 
cranial capacity of a gorilla so far recorded (95); but it needs to be 
recognized that this was a large male animal, almost certainly ex¬ 
ceeding the body weight of some of the Australopithecinae. 

In some of the di.scussions resulting from Broom’s discoveries, 
rather unnecessary emphasis was placed on the exact value of the 
cranial capacity, apparently on the assumption that upon this 
character mainly depends the question whether the Australopithe¬ 
cinae are to be regarded as representatives of the Pongidae or 

8, Prom an examination of a cast, it seems that Broom’s reconstruction of the 
1849 Swartkrans .skull (16) provides a reasonably close approximation to its condi¬ 
tion before it was distorted by crushing. At any rate, it is difficult to suppose that 
the calvaria could have been much less voluminous than he represents it to be; and, 
if this is so, it can be shown from the superimposition of outlines of endocranial 
casts of a gorilla and of Pillueanlhropua that the cranial capacity could hardly 
have been less than TOO cc. and that it was probably rather more. It may be empha¬ 
sized here that the estimation of the cranial capacity of fossil skulls is always a 
difficult business. The fact is that fossil hominid skulls are but very rarely found in 
which the brain case is entirely complete and undistorted, and over-all measure¬ 
ments of the skull itself (even if complete) are quite unreliable for estimating the 
cranial capacity of an unknown type. Consequently, the only possible way of getting 
any information at all on the capacity is to make such correction for the incomplete¬ 
ness or distordon of the skull or endocranial cast as may seem rea-sonably justified, 
and to make an estimate from the results of this procedure. But it is quite obvious, 
of course, that such estimates need to be accepted with due reserve. 
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whether they are hominids of very primitive type. Thi-s assump¬ 
tion, again, seems to have been based upon the supposition that 
there is an arbitrary point in the expansion of the brain (some have 
suggested a cranial capacity of 750 cc.) which forms a sort of divid¬ 
ing line between man and ape. But (let us once more emphasize) 
the expansion of the brain to the size characteristic of the later 
Hominidae evidently did not occur until very long after this family 
had become segregated in the course of evolution from the Pon- 
gidae, and a large cranial capacity is thus not a diagnostic feature 
of the family Hominidae as a whole. In any ca.sc, of course, we 
know nothing of the intrinsic stnicture of the australopithecine 
brain, which, in spite of its relatively small size, may have had a 
more elaborate neural organization than that of the modern an¬ 
thropoid apes. There is certainly a strong indication that it was 
larger relatively to the body weight, for the limb bones so far dis¬ 
covered suggest that the Australopithecinae we.re, on the whole, 
lightly built creatures (and thus not properly comparable with 
the massive size of those gorillas which show a cranial capacity 
as high as 600 cc.). 

Several natural endocranial casts of the Australopithecinae have 
so far been found, two almost complete specimens at Taung and 
Sterkfontein and two fragmentary specimens from Sterkfontein. 
Plaster casts have also been prepared of the endocranial cavity of 
skulls or portions of skulls found at Sterkfontein, Kromdraai, and 
Makapansgat. Most of these endocranial casts have been studied 
in some detail by Schepers (17, 18); but, in his attempt to extract 
every po.ssible item of information from them (perhaps excusable, 
considering the unique character of these South African fossils), he 
undoubtedly allowed himself to overstep the limits of legitimate 
deduction and to read into the surface details of the casts morpho¬ 
logical and physiological conclusions which are certainly not war¬ 
ranted by the facts. As might be expected from a consideration of 
the skulls, the general size and the main proportions of the aus¬ 
tralopithecine endocranial cast do not differ very markedly (at any 
rate, on superficial inspection) from those of large chimpanzees or 
gorillas; and their surface irregidarities unfortunately do not pro- 
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vide very much information relating to those morphological de¬ 
tails which are commonly regarded as of particular interest in con¬ 
trasting the hominid with the ape cerebrum. But there are two 
points of relevance which may be mentioned here. In the first 
place, the “Sylvian notch” between the frontal lobe and the tem¬ 
poral pole is deeper and more sharply angulated than it is in the 
generality of modern large anthropoid apes of equivalent size, as 
is evident enough when direct comparisons are made between the 
actual endocranial casts (though it has been di.sputed by those who 
have relied only on diagrams and drawings). However, this is 
simply a reflection of the sharp, undercut character of the orbito- 
sphenoid in the base of the skull, which, again, is evidently the 
result of the degree of flexure of the basis cranii shown by the aus- 
tralopithecine skull. By itself this character of the “Sylvian notch” 
does not necessarily, of course, provide any indication of enhanced 
cerebral development. The other feature is the richness and com¬ 
plexity of the convolutional impressions on the fossil endocranial 
casts. Although this character has been overemphasized by some 
writers, it is actually quite obtrusive. But comparisons with en¬ 
docranial casts of modern anthropoid apes, Pithecanihropm, and 
Homo are not easy to make, for in all these ty[)es the convolutions 
do not imprint themselves on the endocranium nearly so distinctly. 
A direct visual comparison of the fossil casts with the actual brains 
of the large apes .suggests that in the Australopithecinae the con¬ 
volutional pattern of the cerebral hemispheres was probably more 
complex; but .such a conclusion needs to be established by more 
detailed comparative studies before it can be accepted. Some em¬ 
phasis has been laid on the posterior position and reduced size of 
the alleged “simian sulcus” in the occipital lobe of the brain, fea¬ 
tures which may in .some sen.se be regarded as hominid, since they 
have been taken to indicate an expansion of the parietal cortex to 
a degree not found in the modern apes. It is really not po.ssiblc to 
identify this sulcus with certainty from the impressions on the cast, 
but a careful examination of the original natural endocranial cast 
of the Taung .skull does support the original contention of Dart 
that, in this j)articular individual at least, the simian sulcus must 
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have been placed rather far back. For the sulcal impressions are 
suflficiently well marked to justify the negative conclusion that it 
did not occupy the relatively forward position in which it is com¬ 
monly found in gorillas and chimpanzees. It will be apparent from 
what has been said that, taken by themselves, the endocranial 
casts of the Australopithccinae do not permit of firm statements 
regarding the convolutional pattern of the brain itself. But such 
indications as there are do appear to assume some significance when 
taken in conjunction with all the other anatomical characters of 
the .sktill, dentition, and limb skeleton.*' 

It has already been mentioned that the australopithecine skull 
is remarkably primitive in its general proportions, related to the 
combination of a small brain case with large jaws. This character, 
indeed, seems to have misled some of the earlier critics of Dart and 
Broom, for they failed to recognize that it is associated with a 
remarkable assemblage of morphological details in which, m com¬ 
bination, the skull contrasts strongly with that of the Pongidae 
and is to be matched only in the Hominidae. These hominid fea¬ 
tures may be listed as follows: 

a) The Cranial Height. One of the obtrusive features of the 
australopifhecine skull (No. V) from Sterkfontein is the height of 
the cranial vault above the level of the orbit (Figs. IS and 14). This 
has been expres.sed by the “supra-orbital height index,” which 
measures the height of the brain case above the level of the supra¬ 
orbital margin in relation to the total height above the Frankfurt 
plane (61). A compari.son with a .series of gorilla, chimpanzee, and 
orang skulls shows that in the Sterkfontein V skull the relative 
height exceeds the range of variation in anthropoid apes and ac¬ 
tually comes within the range of hominid skulls.'” It is not possible 
to assess with complete accuracy the supfa-orbital height index 

9. For a critical di-scu-ssioii of the endocranial casts of the Aiutralopitheciiiae 
discovered up to 1947 see Le Ciros Clark (60). 

10. This .statement has been controverterl on the basis of observations that in a 
few gorilla skulls the index approximates ckwely to that of the Sterkfontein skull. 
But these observations were based on measurements which moat unfortunately 
included the sagittal crest in the cranial height of male gorillas (63). 
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in the other australopithecine skulls so far discovered; but esti¬ 
mates based on reconstructions of the 1936 Sterkfontein skull (No. 
I) and of the two adult skulls from Swartkrans confirm the obser¬ 
vation based on the Sterkfontein V skull. The high cranial vault 
in the australopithecine skull, it should be noted, is related, not to 
the actual size of the brain case, but to the fact that it is set higher 
in relation to the upper part of the facial skeleton. This, again, is 
evidently related to the flexure of the basicranial axis, which, being 
more marked than it is in the anthropoid apes, rai.ses the brain 
case to a relatively higher level. 

b) The Low L&vel of the Occipital Torus and Inion. This has been 
estimated on the basis of the “nuchal area height index” in the 
Sterkfontein skull V (Figs. 13 and 14). It shows that the occipital 
torus (in relation to the Frankfurt plane) occupies as low a level 
as it does in hominid skulls, and the index is far below the range 
of variation shown in the large anthropoid apes. As is well known, 
in adult apes the torus forms a crest reaching high up on the 
occipital aspect of the skull, thus extending very considerably the 
nuchal area for the attachment of the powerful neck muscles. On 
the other hand, in the Australopithecinae (as in Homo) the nuchal 
area is, by comparison, very restricted and, moreover, faces down¬ 
ward rather than backward on the occipital squama. That this was 
a consistent feature of the australopithecine skull is indicated by 
the appearance of the occipital region in other specimens. For 
example, the well-preserved occipital bone of Australopithecus 
found at Makapansgat also shows quite a small nuchal area, lim¬ 
ited above by a comparatively weak torus. An examination of the 
crushed Sterkfontein skull I and the fragmentary Kromdraai skull 
provides similar evidence. 

c) The Position of the Occipital Condyles. One of the features in 
which the hominid skidl makes a strong contrast with the pongid 
skull is the forward position of the occipital condyles in relation 
(1) to the total skull length and (2) to the transverse level of the 
auditory apertures. In the Pongidac, in association with the dif¬ 
ferent poise of the head during life, the condyles are situated a con¬ 
siderable way behind the raid-point of the cranial length and also 
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well behind the auditory apertures, and it is interesting to note 
that the latter relationship holds good for the immature as well as 
the adult skull. In the Au.stralopithecinae the relative position of 
the condyles has been accurately determined in the Sterkfontein 
skull V, and on the basis of the “condylar-position index” it can 
be shown that they are definitely farther forward in relation to the 
total cranial length than in adult orangs and chimpanzees"' and 
the great majority of adult gorillas (Fig. 14). In the latter a few 
specimens have been found in which the “condylar-position index” 
equals or even exceeds that of the Sterkfontein skull. But in these 
instances the indices arc not strictly comparable, for in large male 
gorillas the sagittal crest commonly extends backward beyond the 
brain case as an attenuated flange, which thus exaggerates the total 
skidl length when the latter is expressed by the usual over-all 
measurement (03). In any case, it is important to recognize that 
the position of the condyles in relation to the skull length does not, 
of course, provide more than an approximate measure of the bal¬ 
ance of the head in relation to the carriage of the body—to obtain 
such a measure accurately, we should require {inter alia) to know 
the position of the center of gravity of the whole head during life. 
It is also to be noted that, although the high condylar-position 
index indicates a relatively forward position of the condyles in the 
Sterkfontein skull, in relation to the total skull length they are not 
situatcfl so far forward as in Homo, or even Pithecanthropus. On the 
other hand, their forward position relative to the auditory aper¬ 
tures (and also to other elements of the skull base, such as the 
extremity of the petrous bone and the carotid foramen) parallels 
that of hominid skulls. This important relationship is consistently 
present in all the known australopithecine skulls in which the cra¬ 
nial base is sufficiently well preserv^ed, i.e., two adult skulls from 
Sterkfontein, the Kromdraai skull, and the two immature skulls 
from Swartkrans. Finally, apart from their relative position, it is 

11. In the pygmy chimpanzee, P. pamscus, the “condylar-position index" may 
approximate closely to that of the Sterkfontein V skull, but the .skull of this specie.s 
preserve.s an infantile fonn and i« small and very lightly constructed: it is thus not 
directly comparable with the massive and heavily built australopithecine skull. 
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to be observed that in the australopithocine skulls the long axis 
of the occipital condyles is approximately horizontal (in reference 
to the Frankfurt plane), as in honiinid skulls, and does not slope 
upward and backward as it normally does in pongid skulls of equiv¬ 
alent size and massiveness.'^ 

The three hominid features of the australopithecine skull to which 
attention has ju.st been drawn are evidently all related directly 
or indirectly to a common factor—the poise of the head in relation 
to the vertebral column. The .small nuchal area and the low position 
of the occipital torus provide clear evidence that the neck muscu¬ 
lature was not extensively developed to hold up the head in relation 
to a forward-slojiing cervical spine, as it is in the modern large an¬ 
thropoid apes. The forward position of the occipital condyles is 
associated with an increased flexure of the basicranial axis, and this 
flexure has also led to an upward di.splacement of the brain case 
relatively to the facial skeleton, with a resultant increase in the 
cranial height. If this interpretation is correct, it is particularly 
intere.sting to note that a statistical analysis has shown that the 
three indice.s—supra-orbital height, nuchal area height, and 
condylar position-taken in combination, definitely place the 
australopithecine skull outside the limits of variation of the large 
anthropoid a|)e.s and indicate a remarkable approximation to the 
hominid skull. And if due consideration is given to their signifi¬ 
cance, it is a reasonable, and indeed an obvious, inference that the 
bodily po.sture of the Australopithecinae approximated to that 
characteristic of the Hominidae and was very different from that of 
the Pongidae. As we shall see, the validity of this inference is con¬ 
firmed by the anatomy of the pelvis and limb bones. 

f/j Mastoid Process. In all the available australopithecine skulls 
in which the mastoid region is .sufficiently well pre.served, there is 

12. It ha.H hern a.s.siun«l that the eoii<iylar-p(>.sitioM index by itself is always 
correlated with the degree of postural ereetne.ss. The fallacy of this a.ssumptioii is 
exposed by the fact that the index varies quite eon.siderably even in modern II. 
sapieni!. In extrerne hrachycephaly, for example, the occipital eondj le.s uiay be 
placed considerably farther hack in relation to the total skull length than in clolieho- 
cephalie skulls. But this can hartlly he taken to mean that such brnchycephalie.s do 
not habitually assutue a fully erect posture! 


128 



Morphological Characters 


a well-marked pyramidal j)rocess of typical hoirdnid fonn. Indeed, 
it is already well developed in the two immature Swartkrans skulls 
(of individuals equivalent in dental age to seven and eleven years 
in modern man). Schultz (95) has pointed out that a mastoid proc¬ 
ess may occasionally be found in adult male gorillas, but it should 
be emphasized that, even where present, it differs markedly from the 
total morphological pattern which the homiiud structure presents 
in the latter’s sharply conical ff»rm, its well-defined posterior border 
(in apes the process has a flat j)osteri()r surface which represents a 
lateral extension of the nuchal area of the occiput), its flat medial 
surface bounded by a digastric fo.ssa, and the details of its immedi¬ 
ate relationship to the po.sterior margin of the auditory aperture. 
It also needs to be emphasized that, unlike that of the gorilla, the 
mastoid process appears to be a consistent (and not an occasional, 
sporadic) element of the australopithecine skull and that it is pres¬ 
ent even in the young, immature skull. 

It is not possible to be certain of the functional significance of 
the hominid type of mastoid process in the South African fossils. 
Probably it is related to the relative degree of development and 
the direction of pull of the several muscles attached to it, and this 
is presumably associated with the balance of the head on the spinal 
column. But it may also simply be a concomitant of the complex 
morphological changes which have affected the base of the skull 
and the relationships of its component elements. 

e) The Frontal and Zipper Facial Regions. The contour of the 
forehead and supra-orbital eminences, combined with the orienta¬ 
tion of the orbital apertures, the high level of the zygomatic arch, 
and the abbreviated temporal process of the zygomatic bone, com¬ 
prise (in Sterkfontein skull V) a total morphological pattern which 
is quite surprisingly hominid and which does not appear to be 
paralleled in any pongid skull of equivalent size. It is even evident 
in the immature Taung skull. In the Sterkfontein skull I, the pat¬ 
tern appears also to have been closely similar (so far as can be de¬ 
termined from a reconstruction of this cru.shed specimen); but in 
the large Swartkrans skulls the frontal region is considerably flat¬ 
tened, as it also is in some of the skulls of Pithecanthropus. 
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f) The Mandibular Fossa. It has often been assumed that the 
type of movement which occurs at the mandibular joint can be 
determined by a study of the construction of the mandibular fossa 
of the skull. To a limited extent this is true, but the problem is 
complicated by the fact that in life the fossa and the condyle of 
the mandible are separated by an interposed fibrous disk of vari¬ 
able shape and thickness, which also needs to be taken into con¬ 
sideration because of the part it plays in the mechanics of the joint 
movements. No doubt the best indication of the nature of the jaw 
movements in the Australopithecinae is provided by the teeth and 
their mode of attrition. As we shall see, the dentition does give 
evidence of jaw movements similar to those of Homo, and it is par¬ 
ticularly interesting, therefore, that the mandibular fossa also 
shows a combination of features of a hominid rather than a pongid 
type. 

The mandibular fossa is especially well preserved in the Krom- 
draai skull, and in the details of its construction it conforms en¬ 
tirely with the hominid type.'® These details include a relatively 
deep articular concavity, bounded anteriorly by a prominent, trans¬ 
versely disposed, articular eminence; a postglenoid process of very 
small size, which thus exposes the tympanic bone so that the latter 
forms the whole extent of the posterior wall of the fossa as a flat¬ 
tened, slightly concave, rectangular plate with a relatively sharp 
lower border, and no more than a slight indication of an ento- 
glenoid process. In the Sterkfontein .skulls V and VIII much the 
same construction is also found, except that the postglenoid proc- 
e.ss is more strongly developed (but a flattened tjunpanic plate still 
enters into the formation of the posterior wall of the mandibular 
fos.sa), and the same applies to the large Swartkrans skulls. Finally, 
the hollow of the mandibular fossa in all these specimens extends 

13. It may be of some interest to record that it was the examination of the 
mandibular fossa in the original Kromdraai skull during my visit to Pretoria in 1940 
which first impressed on me the importance of the South African fo.s.sits, ft)r it re¬ 
produces so closely the conditions in modern human skulls. I did not then recollect 
having .seen anything like it in anthropoid apes, nor have 1 been able to find any 
such .specimen since in a scries of over five hundred skulls of gorilla.s, chimpanaec-s, 
and orangs. 
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up to a consistently high level in relation to the auditory aperture, 
in some specimens reaching as high as the upper border of the latter 
(in the Pongidae the articular surface is almost invariably placed at 
a much lower level). All these constructional items of the mandibu¬ 
lar fossa in the Australopithecinae (and particularly in the Krom- 
draai specimen) comjirise a total morphological pattern of a homi- 
nicl type which has not been shown to occur in any of the known 
anthropoid apes. It is clearly a pattern of some intricacy, involving 
several different osseous elements, and may thus be regarded as of 
some importance for the morphological evidence it provitles in 
assessing the affinities of the South African fossils. 

SUTURES 

Certain authorities have laid considerable emphasis on varia¬ 
tions of sutural pattern which they believe to differentiate the 
Ilominidae from the Pongidae, in particular, the arrangement of 
the .sutures in the pterionic region of the temporal fossa, the medial 
wall of the orbit, and the anterior fossa of the cranial cavity. In 
fact, however, these sutural patterns show some variation in each 
of the two families, and, so far as individual specimens are con¬ 
cerned, they cannot, therefore, be regarded as diagnostic. But it 
is of interest to note that in the australopithecine skull these pat¬ 
terns appear to conform to the normal hominid condition, i.e., there 
is a sphenoparietal contact in the temporal fossa (reported to oc¬ 
cur in three specimens), while an ethmolachrymal contact in the 
orbit and a sphenoethmoidal contact in the anterior fossa were 
probably present (according to Broom) in the Sterkfontein skull 
V (17). None of these sutural patterns is normally found in the 
African anthropoid apes (though they may all occur as occasional 
exceptions); on the other hand, they are normally present in the 
orang. Thus although, taken in combination, they suggest a sig¬ 
nificant contrast with the African apes, they do not, of course, 
serve to differentiate the Au.slralopithecinae from the Pongidae as 
a whole. 

The high level of the temporoparietal suture on the cranial wall 
in the Australopithecinae is an indication of an expandefl temporal 
squama, wherein the.se fo.ssils show a rather obtrusive hominid 
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character, for the relative size of this element is much smaller in the 
Pongiclae than in the Hominidae. In anthropoid ape skulls ex¬ 
amined by the present writer the summit of the temporal squama 
was not found to extend above the horizontal level of the supra¬ 
orbital margin in the Frankfurt plane. But this is a well-marked 
feature of the Sterkfontein skull V, in which the temporoparietal 
suture is very clearly .seen. 

Another suture which has been held to be of peculiar significance 
in connection with the relationships of the Hominidae is that re¬ 
lated to the facial component of the premaxilla. This component 
is always found in the Pongidae (as in mammals generally) and in 
young individuals forms that part of the upper jaw in which the 
incisor teeth are implanted. In TJ. sapiens the premaxilla, as a sepa¬ 
rate element, does not normally enter into the formation of the 
facial surface of the upper jaw, for early in embryonic development 
it becomes fused with the maxilla.'** It has been argued that this 
embryonic fusion of the premaxilla is a fundamental distinction of 
the Hominidae, the implied assumption being that its early occur¬ 
rence in the human embryo indicates a correspondingly ancient phy¬ 
logenetic history. But such an argument is based on a non sequitur, 
for even a geologically recent mutation may find expression in the 
earliest phases of ontogeny. It is not improbable, indeed, that the 
reduction of the facial premaxilla may have been related to the 
recession of the jaws during quite a late stage in the hominid se¬ 
quence of evolution, possibly even in the Early Pleistocene. The 
fact that the facial component of the premaxilla (with an exten¬ 
sive premaxillary suture extending up to the narial margin) has 
occasionally been observed in the skull of the newborn Negro 
clearly indicates that its genetic basis has by no means disappeared, 

14. It ha-s been accepted for many years that during embryonic development 
the human premaxilla dLsappeare altogether from the facial .surface of the skull by 
submergence following an overgrowth of the maxillary elements, and this was re¬ 
garded by some authorities as a peculiarly hominid distinetion of great taxonomic 
significance. However, the recent embryological studies of Kobach and ]Vro.s,s (70) 
seem to make it clear that the premaxillary and maxillary bones actually fase ecto- 
facially in the human embryo, as, in fact, they do in early postnatal life in the anthro - 
poid apes. 
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even in H. sapiens. There is still some doubt about the facial com¬ 
ponent of the premaxilla in the Australopithccinae. The present 
writer was unable certainly to confirm broom’s statement that the 
premaxillary suture is present in a specimen of the upper jaw 
found at Sterkfontein. On the other hand, it would perhaps be 
surprising if this element were not present in the facial skeleton of 
the very strongly prognathous Australopithccinae, seeing that it 
sometimes may still be found in II. sapiens. 

THK KNDomtANIAL ASPECT f)F THE SKULL BASE 

In the well-preserved Sterkfontein skull V, Broom was able to 
clear away the stalagmitic incrustations within the cranial cavity 
and make an almost complete exposure of the skull base. The 
hominid features to which he drew attention here include the sharp¬ 
ly undercut anterior margin of the muldle cranial fossa (evidently 
related to a degree of fiexure of the basis cranii not found in the 
large anthropoid apes), the comparatively shallow depression con¬ 
taining the cribriform plate of the ethmoid, the prominent (and 
bifid) anterior clinoid process, and the deep pituitary fos.sa. 

JAWS AND PALATE 

The upper jaw and palate of the Australopithccinae show the 
marked reduction and recession of the incisor region characteristic 
of the hominid skull, with an evenly rounded alveolar margin. The 
recession of the incisor region is also evident in the numerous speci¬ 
mens of the mandible which have been collected. The symphysial 
surface of the mandible is almost flat and vertical in the upper part 
of its extent, and in some specimens there is even a slight mental 
eminence. There is no “simian .shelf,”'^ and sagittal .sections of the 
symphysial region .show a remarkable re.semblance to that of the 
large Pithecanthropus mandible {"Meganthrapus”). The mental 
foramen is frequently single (in contrast to the multiple foramina 
characteristic of anthropoid apes), particularly in the Swartkrans 
specimens, and does not occupy the low position characteristic of 

15. The “simian .shelf’ is alsc) aliscnt in the Early Miocene represeutative.s of the 
I’ongidae; it was evidently a later development in the evolutionary sequence <if this 
family. 
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the pongid mandible. As in the upper jaw, the contour of the 
alveolar border is definitely honiinid in type and cpiite different 
from that of any known group of apes, living or extinct. 

Apart from the hominid features of the australopithecine skull 
listed above, a close study of some of the original specimens shows 
a number of other details which, though individually variable in 
both hominids and pongids, present, all together, a combination 
which still further emphasizes the hominid affinities of these South 
African fossils. Such details include the contour and construction 
of the supra-orbital ridge, the relatively short and wide basi- 
occiput, the angulation between the tympanic and petrous bones, 
the presence (usually) of a single infra-orbital foramen, the in¬ 
clination of the foramen magnum, the well-developed lingular 
process in the young mandible (a small process of bone overlapping 
the foramen on the inner aspect of the vertical ramus of the man¬ 
dible), the disposition of some of the foramina in the cranial base, 
and so forth. Taken individually, as isolated abstractions, some of 
these features may not have a significant taxonomic relevance. But 
if they are all taken in combination with one another and with 
those features which are not to be found in any known group of 
pongids, they have a very high degree of taxonomic relevance, for 
they quite clearly comprise a total morphological pattern of the 
hominid, and not the pongid, type. On the basis of the skull struc¬ 
ture alone, therefore, the proposition that the Australopithecinae 
actually represent an early phase in the hominid sequence of evolu¬ 
tion appears to be well founded. Indeed, it may well be asked why 
this rather obvious interpretation of the skull structure was so 
vigorously contested when it was first put forward. One reason, as 
wc have already pointed out, is that the earlier critics of Dart and 
Broom seem to have assumed that the absolute size of the brain by 
itself provides the final taxonomic criterion of distinction between 
the Pongidae and the Ilominidae, which, of course, is by no means 
the case (see p. 11). Other features of the amstralopithecine .skull 
which are mainly the secondary concomitants of a small brain case 
associated with large jaws, such as the marked prognathi.sm and 
the development in some of the largest skulls of a small sagittal 
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crest, were also taken to indicate pongid affinities, in spite of the 
fact that they must also be presumed to have been present in the 
earlier phases of the horninid sequence of evolution (i.c., before the 
rapid expansion of the brain to the size characteristic of H. sapiens 
had begun to manifest itself), hlention has already been made 
of the sagittal crest in the Swartkrans skulls (see p. 43), and it is 
necessary only to reiterate here that such a crest is not to be re¬ 
garded as a morphological entity in itself with a separate genetic 
basis—it is the result of the upward growth on the side of the skull 
of temporal muscles which, in large adults, reejuire an area of at¬ 
tachment more extensive than can be provided by the brain case 
itself. In any case, the cre.st (in tho.se individuals in which it was 
developed) appears to have been very different from the .sagittal 
crest which may be found in male gorillas, orangs, and (very oc¬ 
casionally) chimpanzees, in that it did not extend back into a high 
nuchal crc.st. This is a point which needs to be emphasized, for it 
had been argued (on the basis of one skull in which the occipital re¬ 
gion is mi.ssing) that, since the crc.st must have been similar to that 
of a gorilla, the missing occiput mu.st have .shown a high nuchal 
crest; therefore the area for the nuchal musculature was very ex¬ 
tensive; and therefore the head was held forward in a position in¬ 
compatible with an erect posture. But the itiitial a.ssumption which 
formed the starting point for this .sequence of speculations has 
proved to be incorrect. For, without exception, in all the several 
occipital bones of the .4u.stralopithecinae which have now been 
di.scovcred, the nuchal ridge is low and the nuchal area of limited 
extent, precisely as in hominitl .skulls (.see Figs. 14 and 15) and very 
different from gorilla skulls. According to a recent report by Mr. 
Robin.son, this applies equally well to two skulls from Swartkrans 
with a small sagittal crest; in these specimens the occipital region 
is sufficiently well pre.served to make it cpiite certain that here, 
also, no nuchal crest of the gorilloid type was present. Indeed, one 
of the specimens shows that the sagittal crest does not even extend 
back as far as the occipital bone. It needs to be recognized, of 
course, that the shelflike nuchal cre.st of the gorilla is not produced 
by the temporal muscle alone, but by the opposed growth of the 



Fig. 14.— Outlines of skulls of A, a female gorilla, awl B, Audralopithecm (.Slerk 
foulein .skull V). The iudiccs meutioiied in the text are illu-stniteil here: iiuehal 
area height iiulex Ait/AB^ -supra-orhitul lauglit iiulex, FB/AB^ (’taidvlar-positioi 
index, CDjCK. One-thinl natund size. 






Fio. 15.^—Occipital view of the skull of A, a chitnpaiizcc; B, Austrdopilhecuii 
(Stcrkfoiileiii skull \'); 0, Pitheeanthrojrua yekinensis (after Weideiireich); and 
D, Homo sapiens (Hiiropeari). One-third natural size. All the skulls Iwve been 
orientiited on the Frankfurt plane. Note the high level of the nuchal crest in the 
chimpanzee skull—a typical pongid character. 
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temporal and nuchal muscles together. If, with the assumption of an 
erect posture, the nuchal musculature is reduced (as it is in the 
Hominidac) a shelflike nuchal crest is hardly to be expected. 

DENTITION 

The dentition of the Australopithecinae has been studied in more 
detail than any other remains of these extinct creatures. There are 
several reasons for this. (1) Teeth have been found in great number 
and in many cases excellently preserved. Apart from the permanent 
teeth, several examples of the deciduous dentition are also known. 
(2) The morphological characters of the dentition have proved to 
be of the greatest value for taxonomic determinations in the study 
of mammalian paleontology generally, and there is every reason 
to suppose that this applies as well to the Hominoidea as to the 
other groups of mammals. (3) Because statements regarding the 
hominid features of the dentition were strongly contested by some 
critics, it became necessary to restudy all the teeth in greater de¬ 
tail, in order to solve the conflict of opinion. It would be superflu¬ 
ous here to give a comprehensive account of the dental morphology 
of the Australopithecinae, for this information is available in read¬ 
ily acce.ssible publications (16, 17, 18, 62, 88, 89). That it conforms 
essentially to the hominid type may best be demonstrated by 
first listing and contrasting the fundamental characters which 
distingui.sh the Hominidae (as represented by Homo and Pithecan¬ 
thropus) from the Pongidae (Table 1). 


TABLE 1 

PoNCJiDAE! Hominidae 

PERMANENT DENTITION 


The ranine and po.st,canine teeth 
form approximately straight 
rows, parallel or slightly diver¬ 
gent anteriorly, and (with very 
rare exeeptions) the upper dental 
arcade i.s interrupted hy a di- 
astemie interval related to the 
eanines. 


The dental arcade has an evenly 
curved contour of parabolic or 
elliptical form, with no diastemic 
interval (except to a .slight degree 
in some individuals of Pithe¬ 
canthropus) , 
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PONGIDAE 

PERMANENT 

The incisors are hypertrophied and 
relatively broad (at least in the 
Recent genera of the large an¬ 
thropoid apes). The sockets of 
the upper central incisors are 
placed well in front of the level 
of the anterior margin of the 
canine sockets (with occasional 
exceptions where the canines 
form unusually large tusks, e.g., 
in some large male gorillas). 

The canines are relatively large, 
conical, and sharply pointed, 
with a well-marked internal cin¬ 
gulum commonly prolonged back 
(in the lower canine) into a talon- 
id. The upper and lower canines 
overlap to a marked degree in 
occlusion; at an early stage of 
attrition they show facets on the 
anterior and posterior aspeets 
of the crown and remain pro¬ 
jecting well beyond the occlusal 
level of the postcanine teetli 
(except only in very aged in¬ 
dividuals, where all the teeth 
show an advanced state of ex¬ 
treme attrition or where the 
canine crowns may have been 
accidentally broken off during 
life). The canines show a pro¬ 
nounced sexual dimorphism. 

The first upper premolar normally 
has three roots. 


Hominidae 

DENTITION 

The incisors avoid gross hyper¬ 
trophy and thus retain more 
primitive proportions. The pos¬ 
terior margins of the sockets of 
the upper central incisors are on 
a level with, or behind, the an¬ 
terior margins of the canine 
sockets. 


The canines are relatively small, 
spatulate, and bluntly pointed, 
with the internal cingulum re¬ 
duced to an inconspicuous basal 
tubercle. They wear down flat 
from the tip only and at an early 
stage of attrition do not project 
beyond the occlusal level of the 
postcanine teeth (except in some 
individuals of Pithecanthropus ), 
The canines show no pronounced 
sexual dimorphism. 


The first upper premolar commonly 
has one or two roots only, but in 
some modern races of Homo 
sapiens a small percentage show 
three roots. 
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PONGIDAE 

PEBMANENT 

The anterior lower premolar is sec¬ 
torial in character, commonly set 
obliquely to the axis of the tooth 
row, and with two roots. It is pre¬ 
dominantly unicuspid, but it may 
liave a rudimentary lingual cusp 
set on the lower .slope of tlie large 
btieeal cusp. In early stages of 
wear it shows an attrition facet 
on the anterolateral surface of 
the crown. There are no well- 
defined anterior and posterior 
foveae. 

The molar teeth show considerable 
variation in their cusp pattern 
and in their absolute and rela¬ 
tive dimensions. Except in ad¬ 
vanced attrition (or rarely in ab¬ 
normal specimens in whicli the 
canines have been accidentally 
broken off), the occlusal a.spect 
does not become worn down to an 
even flat surface. In primitive 
pongids of Miocene and Plio¬ 
cene age the first lower molar is 
relatively small. 


The canines erupt late, after the 
second molar and sometimes 
even after the third molar. 


Hominidab 

DENTITION 

The anterior lower premolar is of a 
bicuspid type, with the cusps set 
in an approximately transverse 
plane. The two cusps are sub¬ 
equal in jirlmitive hominids, 
such as Pithecanthropus; but in 
Homo the lingual cu.sp has under¬ 
gone a secondary reduction. In 
primitive hominids the anterior 
and posterior foveae are sharply 
defined, 


The molar teeth show considerable 
variation in their cusp pattern 
and in their absolute and relative 
dimensions, In general, the cusps 
tend to be more rounded and 
more closely compacted than in 
the Pongidae. In Pithecanthropus 
the second upper molar is larger 
than the first, and the last lower 
molar is greater in length than 
the second. In Homo the second 
and third molars have undergone 
a secondary reduction. Even in 
early stages of attrition, the oc¬ 
clusal aspects of the molars com¬ 
monly become woni down to an 
even flat surface. 

The canines erupt early, normally 
before the second molar (though 
a later eruption is stated to occur 
in Pithecanthropus, //. neander- 
thaleims, and in certain modern 
races of //, sapiens,}. 
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TABLE 1 —Continued 

PONGIDAE HoMINIDAB 

DBCIDUOUB DENTITION 


The lower canines are conical and 
sharply pointed, projecting well 
beyond the level of the milk mo¬ 
lars, with an approximately 
.straight internal cingulum ex¬ 
tending back to form a talonid. 

The fir.st lower molar.s are .sectorial 
in type, with the crown mainly 
composed of a single, large, 
pointed cusp (the protoconid) 
and a depressed talonid. There i.s 
no well-marked anterior fovea. 

The dental arcade is U-shai)ed. 


The lower canine.s are spatulate in 
form, not projecting markedly 
beyond the level of the milk mo¬ 
lars, relatively short and bluntly 
pointed, and with no projecting 
talonid. 

The first lower molars are multicus¬ 
pid, with four or five cusps dis¬ 
posed at approximately the same 
level. There is usually a well- 
marked anterior fovea. 

The dental arcade forms an even 
parabolic or elliptical curve. 


The differential eharacter.s of the dentition listeil in Table 1 are 
those which, on the basis of the comparative study of large numbers 
of hoininids and pongids (both Recent and fossil), have been es- 
tablisheil to have a high degree of taxonomic relevance. Taken to¬ 
gether, they comprise total morphological patterns of considerable 
complexity, which are distinctive of each of the two families. For 
the problem of the assessment of the affinities of the Australo- 
pithecinae, therefore, it is of particular irnportonce to note that 
the total morphological pattern of the dentition of these fossil 
hominoids conforms to that of the Ilominidae (Fig. 16). In all the 
adult specimens so far tliscovered, the dental arcade is evenly 
curved, with no diastemic intervals; the upper incisors are consist¬ 
ently small and retracted to the level of the canines; the latter are 
reduced in size and spatulate in form, show no obvious sexual 
dimorphism, and, in the earliest stages of attrition, without ex¬ 
ception became worn down flat from the tip to the level of the ad¬ 
jacent teeththe apterior upper premolars have two roots (of 

16 All Isolated lower canine from Sterkfonlein, unworn and incompletely erupt¬ 
ed, was described by Broom in 1946 (18). Like many unworn permanent canines m 
II. sapiens, the crown is pointed and, liefore attrition, may well have projected to 
some extent beyond the level of the adjacent teeth. However, it is of 
form, with it.s maximum anteroposterior diameter a considerable distance above the 

level of the basal cingulum. 
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which one may in some individuals be partially subdivided); the 
anterior lower premolars are of the nonsectorial bicuspid type (with 
the lingual almost as large as the buccal cusp) and have one root 
marked on the surface by longitudinal grooves which suggest a 
fusion of two roots; the molar teeth in the detailed morphology of 
their cusps show a much closer resemblance to the primitive 
hominid Pithecanthropus than to any known type of pongid;'^ and 
in the earliest stages of attrition they became worn down to an 
even flat surface. It is particularly important to recognize that 
these statements are not based on isolated and individual teeth but 
on a considerable number of specimens (in some cases with the 
whole upper or lower dentition complete or almost complete). The 
same applies to the deciduous dentition, of which there are at least 
four specimens (apart from isolated teeth). The milk canine is 
quite di.stinct from that of anthropoid apes, and the first milk molar 
is a complex tooth with four or five cusps at approximately the 
same level on the crown and a well-marked anterior fovea. The 
differentiation of australopithecine from ape canine teeth (both 
permanent and deciduous), which is so obviously apparent on direct 
visual comparison, has been fully demonstrated by the statistical 
analysis of appropriate measurements (62). The results of the 
multivariate analysis by Bronowski and Long (10, 11, 12) are par¬ 
ticularly revealing, for example, in their demon.stration that, for 
all the milk canines so far discovered at that time (eight in number), 
the di.scriminant functions which they calculated fall well outside 
the range of modern anthropoid apes and actually lie within the 
range of Homo. 

Finally, there is good evidence from the study of the dentition 
in immature specimens that the order of eruption of the pennanent 

17. Il i.s a .sigitifieaiit commentary on the close relationship of the Pongidae and 
the Homiiiidae that in some groups the molar teeth may be exceedingly difficult to 
distingui.sh with absolute certainty. The prolonged controversy on the molar teeth 
of the famoas Piltdown jaw (quite apart from the faked fabrication of the hominid 
t.ypc of wear) i.s sufficient to make this clear. But, as far as the aastralopithecine 
molars are concerned, while in the detaih of their cusp morphologj' they can readily 
be distingui.shed from all the known genera of apes, it would be extremely difficult 
to di.stiiiguish them from molars of the Pithfcanlkropus group of hominid.s. 
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teeth conformed to that of the Hominiclae. It may be noted that 
in the ascending scale of Primates there is a progressive accelera¬ 
tion in the replacement of the deciduous dentition relatively to the 
eruption of the permanent molars, associated with a prolongation 
of the growth period. In the Pongidae the canine teeth are still very 
late in their replacement, often not completing their eruption until 
after that of the last molar and, in any case, not until the second 
molar has completed its eruption. The late eruption of the canine 
was retained in certain fossil hominids (e.g.. Pithecanthropus) and 
is still retained even in some groups of ff. sapiens. But in most mod¬ 
ern races the canine usually erupts before the second molar, and the 
first incisor tooth may occasionally erupt even before the first per¬ 
manent molar. According to Schultz (03), this occasional early 
eruption of the first incisor is a unique feature in which the Homin- 
idae contrast with all other Primates. From the material collected 
at Swartkrans, it is evident that in this group of Australopithe- 
cinae the order of dental eruption actually corresponds to that 
normally found in H. sapiens (i.e., the canines erupted before the 
second molar), and in one specimen the first incisor has even 
erupted before the fir.st permanent molar. On the other hand, the 
immature mandible found at Makapansgat shows that in this 
particular specimen the canine erupted after the second molar (as 
in Pithecanthropus and some modern human races). The important 
point to emphasize, however, is that the pattern of dental replace¬ 
ment characteristic of H. sapiens, and also present in some of the 
Australopithecinae, has not been found to occur in any of the 
Pongidae, Recent or extinct. 

Although the australopithecine dentition is thus essentially of 
the hominid type, it differs from that of the genus Homo in a num¬ 
ber of significant features. For example, the premolar and molar 
teeth are of very large size, the third lower molar (though showing 
considerable variation in its proportions) commonly exceeds in 
length that of the second molar, and in the anterior lower premolar 
the lingual cusp is relatively large. But these are evidently primi¬ 
tive hominid characters, for they are also found in Pithecanthropus. 
The absolute and relative size of the premolars and molars in the 
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Australopithecinae is rather variable. They are more massive in 
the Kromdraai and Swartkrans specimen.s than some of those recov¬ 
ered from Sterkfontcin. Indeed, in an upper jaw from the latter site 
found in 1936, the teeth correspond in their dimensions almost pre¬ 
cisely (i.e., to within 0.5 mm.) to those of the Pithecanthrope 
maxilla found in Java in 1939 (61). On the other hand, the large 
lower premolars and molars of the Swartkrans material show a 
most remarkable similarity in size, proportions, and cusp pattern 
to the equivalent teeth of the large 1941 mandible of Pithecan¬ 
thrope (= “Meganthropus”), as .shown by the detailed comparative 
studies of Robinson (89). There is thus no reason to question the 
hominid status of the Au.stralopithecinae on the basis of the over¬ 
all dimensions of the teeth of the premoiar-niolar series. Even if the 
large 1941 mandible is excluded, the diagram in Figure 17 makes it 
clear that the difference in absolute size between these teeth in 
Pithecanthropus and the Australopithecinae is actually less than 
the difference to be found in the single species H. sapiens. The fact 
is that, while the over-all dimensions of the molar and premolar 
teeth may have considerable taxonomic relevance in distinguish¬ 
ing species or even genera, they have in this case little or no taxo¬ 
nomic relevance for interfamilial distinctions.Reference may be 
made here to two fragments of mandibles found at Swartkrans 
with molar teeth considerably smaller than the other specimens 
found at this site. On the basis of the first fragment (found in 1949) 

18. ll seems desirable to re-emphasize this rather obvious point, for in a .statis¬ 
tical paper by Ashton and Zuckerman (1) it was claimed, on the basis of the over¬ 
all dimension.s of length and breadth of the premolars and molars, that the australo- 
pithecine teeth “in their metrical attributes . . . arc more ape-like than human, 
the implication being that in this respect they are pongid rather tlian hominid. The 
statistical methods used by these authors have been criticized on general grounds 
elsewhere (10, 62); but one of the main criticisms of this paper is that for their com¬ 
parisons with the Hominidae they referred only to mea.surements of the teeth of 
H. sapiens. Apart from this, however, it is of some coirsidcrable importance to note 
(in making reference to the paper) that,_ns Yates and Healy (124) later showed, the 
standard deviations recorded in it have been incorrectly calculated and the con¬ 
clusions ba-sed on them are therefore invalid. In a later communication .\shton and 
Zuckerman (2) corrected this error and, a.s a result, were able to state thiit some of 
the dimen-sions which they had previously reported as not significantly different 
from those of Recent apes are, in fact, very different indeed. 
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which contained the three molar teeth, a new genus, 7 elanthropus, 
was created by Broom and Robinson (14), However, the teeth are 
large by modern human standards, and they show resemblances 
to the other known australopithecine teeth (particularly in the 
relative size of the la.st molar). It may be, therefore, that "Telan¬ 
thropus” represents merely the extreme limits of variation in the 
size of the teeth in the Australopithecinae (see p. 157). In the sec- 
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Fia. 17.—Outline.s (partly after Von Koenigswald) of the lower inolars and pre¬ 
molars of /, an orang: S and .1, auatralopithecine specimens from Kroradrani and 
Sterkfontein; PitheaanthropuaimmxAiXAe B);,7, Australian aboriginal; and 6', Kuro- 
pean. Two-thirds natural size, (’oinpare the difference between the over-all dimen- 
.sion.s of the australopitheeine teeth and those of Pithecanthro'pvs with the diffcreuee.s 
which occur within the limits of the single species Homo sapiens. 

ond "Telanthropus” jaw fragment, only the first and second molars 
are preseiwed, and they are unfortunately too severely worn to 
provide .satisfactory information on their morphological details. 

The dental characters which we have so far considered are 
familial characters which appear to indicate quite conclusively 
that, .so far as reliance is placed on the criteria of dental morphol¬ 
ogy, the Auittralopithecinae are to be allocated to the Hominidae 
and not to the Pongidae. But the australopithecine dentition also 
shows certain generic characters which distinguish it from the 
other known genera of the Hominidae. These include the degree 
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of reduction in size of the incisors and canines, so that they are 
disproportionately small in comparison with the premolar-molar 
series; the small size of the anterior relatively to the posterior pre- 
molar tooth (at least in the. Swartkrans specimens); the variability 
and complexity of the enamel folds in the molar teeth; and the 
cusp pattern of the first milk molar. It is a characteristic of the 
Hominidae (in contrast to the Pongidae) that the first milk molar 
has undergone a marked degree of “molarization”—that is to say, 
it has developed four or five cusps, which make it resemble the 
typical multicuspid molar tooth. In the Australopithecinae this 
process of “molarization” seems actually to have proceeded further 
than in other genera of the Hominidae {Pithecanthropus and Homo). 
It has been argued that this is a specialization, possibly of a spe¬ 
cific nature, suggesting that the Australopithecinae (or at least the 
South African representatives of this group) represent a collateral 
branch of the Hominidae which could hardly be ancestral to Homo. 

THE LIMB SKELETON 

As we have already noted (p. IS), there is reason to suppo.se that 
the primary factor which determined the evolutionary segregation 
of the Hominidae from the Pongidae (probably in the Miocene or 
Early Pliocene) was the divergent modification of the limbs in 
adaptation to erect bipedalism. The evidence of Pithecanthropus, 
for example, provides a rather positive indication that the lower 
limbs had become perfected for a fully erect posture and gait while 
the morphological features of the skull still retained a number of 
primitive characters approximating in some respects to a simian 
level of development. If, then, the Australopithecinae are represent¬ 
atives of the hominid rather than the pongid sequence of evolu¬ 
tion, the limb skeleton might be expected to be particularly rele¬ 
vant for the determination of their taxonomic status. In fact, this 
is the case. For example, three specimens of the australopithecine 
pelvic skeleton have been found in South Africa, and they are con¬ 
sistent in their fundamentally hominid construction, as they are 
also in certain details in which they differ from the pelvis of modern 
H. sapiens. 
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The first pelvic bone was found in 1947 in the stalagmitic breccia 
of the Sterkfontein site, in direct association with fragments of a 
femur and tibia, some vertebrae, and a crushed australopithecine 
skull, and within a few feet of other skulls, cranial fragments and 
numerous teeth of the same creatures. The second specimen was 
found in 1948 at Makapansgat from a zone of breccia which had 
previously yielded an adolescent mandible of Australopithecus. 
Since this pelvic bone was also that of an adolescent, it may be 
presumed almost certainly to have belonged to the same individual 
as the mandible. The third australopithecine pelvis was discovered 
in 1950 at Swartkrans close to the remains of three skulls and as¬ 
sociated with the lower half of a humerus. The Sterkfontein and 
Swartkrans specimens have been figured and briefly described by 
Broom and Robinson (16, 17)~both of them are almost complete. 
The Makapansgat pelvis, which consists of the ilium and the de¬ 
tached ischial portion, has been described in more detail by 
Dart (29). 

The hominid construction of the australopithecine pelvis shown 
by these specimens (Pigs. 18 and 19) is marked by the relative 
breadth of the ilium; the backward extension of the posterior ex¬ 
tremity of the iliac crest and the low position of the sacral articula¬ 
tion in relation to the acetabulum; the orientation of the sacral 
articulation relatively to the vertical axis of the os innominatum; 
the sharply angulated sciatic notch associate<l with a prominent 
ischial spine; the strongly developed anterior inferior iliac spine; 
the orientation and position of the ischial tuberosity in rela¬ 
tion to the acetabulum (particularly in the Makapansgat speci¬ 
men); and the well-marked groove on the ventral surface of the 
ilium for the ilio-psoas mu.scle. In all these characters, even in¬ 
dividually, the ])elvic bone makes a strong contrast with the mod¬ 
ern anthropoid apes,*" and, taken in combination, they comprise a 
total morphological pattern which is distinctive of the Hominidae 

10. Tim statement is based on a comparative study of the pelvic skeleton of 
eighty-seven modem large apes. 
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Fig. 18.—Lateral view of three specimerm of the australopithecine pelvic bone (5, 
from Sterkfoiiteia; 6', from Makapansgat; 7, from Swartkraaa) compared with those 
of Homo sapiens 4) and the modem targe apes (f, gorilla; 2, chimpanzee; d, orang). 
One-sixth natural size. The position of the ventral margin of the area of contact 
with the sacrum on the inner aspect of the bone has been indicaleil. Note that in its 
fundamental characters the australopithecine bone conforms to the hominkl pattern. 
On the other hand, it contrasts strongly with the apes (this has been confirmed by 
comparison with 87 pelvic bones of the modem large ajics). 



Fig. 10.—I.«ft lateral view.s of the innominate bones of .4, an adolescent chimpanzee; B, the 
adolescent specimen of Awdralopilhecua found at Makapansgat; and C, an adolescent bu.sh- 
man. Note the outstanding hominid characters of the fossil specimen displayed by the relative 
breadth and orientation of the ilimn, the sharply angulatcd sciatic notch, the strong develop¬ 
ment of the anterior inferior iliac spine, and the proximity of the ischial tuberosity to the aee 
tabular socket. (Prom R. A. Dart, Am. J. Phys. Anthropol., Vol. 7, 1949.) 
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among all other groups of mammals.*® Moreover, they are charac¬ 
ters which are quite certainly related to posture. The broad ilium 
extends the anteroposterior attachment of the gluteal musculature 
(of the buttock) which is used for balancing the trunk on the lower 
limbs; the bending-down of the posterior extremity of the iliac 
crest brings the gluteus maximus muscle to a position behind (in¬ 
stead of lateral to) the hip joint and so permits it to play its essen¬ 
tial role as an extensor in walking erect (see Washburn, 109); the 
approximation of the sacral articular surface to the acetabulum 
makes for greater stability in the transmission of the weight of the 
trunk to the hipjoint; the reorientation of the sacral articulation 
is due to a rotation of the sacrum, which is associated with modifi¬ 
cations in the disposition of the pelvic viscera; the angulated sciatic 
notch is a secondary result of the bending-down of the posterior, 
part of the dorsum ilii and the accentuation of the ischial spine 
(which attaches a ligament strongly binding the pelvic bone to the 
sacrum); the robust anterior inferior spine serves to attach the 
powerful iliofemoral ligament, which braces the front of the hip 
joint in full extension in the standing position; the relatively high 
position of the ischial tuberosity enhances the extensor action of 
hamstring muscles in maintaining the position of full extension of 

20. It is perhaps desirable (even at the risk of incurring criticism for being too 
repetitious) to insist once more on the importance of comparing total morphological 
patterns, rather than individual characters considered as isolated abstractions, when 
making comparisons for taxonomic purposes. For example, the elephant also shows 
a relatively broad ilium, but its pelvic bone is otherwise very different from the 
hominid type of bone! That this insistence on the comparison of palterm is not en¬ 
tirely irrelevant is illustrated by a rather curious argument which has been advanced, 
that the presence of a strongly developed anterior inferior iliac spine in the auslralo- 
pithecine pelvis is of little or no significance because a spine (of sorts) is also found 
in menotyphlous insectivores. Actually, there are at least three obvious fallacies in 
this argument: (1) the comparison of a single character considered in isolation and 
not as a component part of a complicated and integrated morphological pattern; (2) 
the problem under discussion is not whether Avstralopith^a is a horninid or a 
menotyphlous insectivore, but whether this genus conforms in its anatomical struc¬ 
ture to the Hominidae rather than the Pongidae; (3) the anterior inferior spine of 
menotyphlous insectivores is quite different in shape and in its position relative to 
the acetabulum from that of AuslralopiVuciu and Homo, and it is not even function¬ 
ally homologous (tor it does not include that element which serves to attach a power¬ 
ful iliofemoral ligament). 
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the hip by bringing their upper attachments to a position behind, 
rather than below, the hip joint in the erect position (in anthropoid 
apes, and in pronograde mammals generally, the greater distance 
between the. tuberosity and the hip joint permits greater power 
when the hamstrings are brought into use with the hindlimb acting 
as a propulsive lever rather than a propulsive strut [38]); the deep 
groove for the ilio-psoas muscle is related to the fact that in the 
habitually extended position of the thigh in the erect posture the 
muscle has to turn backward at a marked angle to reach its attach¬ 
ment to the femur. From considerations such as these it is a reason¬ 
able inference that the Australopithecinae had become adapted to 
an erect bipedalism, though there are indications that this had not 
been developed to the perfection shown in H. sapiens. For example, 
the ischial tuberosity (at least in the Sterkfontein and Swartkrans 
specimens) is not quite so closely approximated to the acetabulum 
as it is in Homo, the region of the anterior superior spine extends 
farther forward, and the area for the attachment of the strong sacro¬ 
iliac ligaments is relatively not so extensive. 

The functional implications of the au.stralopithecine pelvic bone 
receive further corroboration from other parts of the lower-limb 
skeleton which have been found. Two specimens of the lower end 
of the femur found at Sterkfontein (13, 18) show a similar com¬ 
bination of morphological characters, e.g., the obliquity and ro¬ 
bustness of the shaft, the alignment of the condyles, the contour of 
the patellar surfaces, and the forward prolongation of the inter¬ 
condylar notch,^‘ which, taken together, comprise a total morpho¬ 
logical pattern that conforms to the hominid femur and presumably 
also represents a mechanical adaptation related to erect bipedalism. 
A statistical analysis of the fragmentary first Sterkfontein femo¬ 
ral extremity soon after its discovery had already shown that it was 
very different from that of an anthropoid ape (48); but at that time 
some doubt was expressed whether its morphological features pro- 

21. Thus disposition of the intercondylar notch by itself must be regarded as 
highly significant, for it is difficult of e,\planation except on the a.ssumption that 
(as in Homo) it served to accommodate tiie anterior cruciate ligament of the knee 
joint in the habitually extended position associated with an erect posture (60). 
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vided final evidence of an erect, rather than a quadrupedal, pos¬ 
ture. However, the study of this very limited material was carried 
out before the reports of the specimens of the pelvic skeleton were 
available to show quite clearly that the Australopithecinae were 
certainly not quadrupedal creatures. The discovery of some upper 
extremities of the femur has also been reported; these have not 
yet been subjected to a detailed comparative study, but from the 
brief accounts which have been published they appear to be too 
fragmentary to provide reliable information. A fragmentary ankle 
bone (talus) from Kromdraai shows an interesting combination of 
hominid and pongid features, and the former have been inter¬ 
preted as modifications permitting a greater stability at the ankle 
joint for weight-bearing in the erect position. On the other hand, 
the unusual medial extension of the articular surface of the head of 
the talus has suggested a considerable mobility of the front part of 
the foot. Clearly, however, these inferences need to be confirmed 
by more adequate material of the foot skeleton. The elements of 
the upper-limb skeleton so far discovered (including portions of the 
humerus and ulna, a capitate bone of the wrist, and a metacarpal 
bone of the thumb) are also consistent with the inference of erect 
bipedalism; for, again taken in combination, they conform very 
closely indeed to the corresponding parts of the upper-limb skele¬ 
ton of Homo and are very different from those of the powerfully 
developed limbs of Recent anthropoid apes (60). They certainly do 
not show the pattern of characters which may be regarded as dis¬ 
tinctive of upper limbs used either for quadrupedal progression or 
for a specialized type of brachiation. 

So far as posture is concerned, it will be observed that the evi¬ 
dence of the pelvis is confirmed by the other limb bones, and the 
evidence of the limb skeleton altogether is confirmed by morpho¬ 
logical features of the skull. In other words, all the anatomical evi¬ 
dence is quite consistent within itself. It is interesting to note that it 
is also consistent with the climatological evidence, for, as already 
pointed out, this indicates that the Australopithecinae were able 
to live in areas of comparative aridity. It seems certain, therefore. 
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that they must have been well adapted to life in open terrain of the 
sort which still exists in the veldt lands of today 

4. The Taxonomic Status of the Austbalopithbcinae 

In chapter iii a provisional definition of the Hominidae was 
formulated on the basis of the known representatives of the 
genus Homo, supplemented by the paleontological evidence of the 
Piihecanihropus group of early hominids. According to this defini¬ 
tion, it is now clear that, as between the Pongidae and Hominidae, 
the Australopithecinae must be allocated to the latter family. They 
show none of the divergent modifications which are distinctive of 
the Pongidae, their only resemblances to the latter being the re¬ 
tention in common with them of primitive hominoid characters, 
such as the small size of the brain, large molar teeth, and certain 
rather minor features of the limb skeleton. As already discussed in 
detail, such primitive features must presumably have been present 
in the earlier phases of hominid evolution (as, indeed, they still 
were to some extent in Pithecanthropus). The only other possible 
interpretation is that the Australopithecinae represent a third 
(and hitherto unknown) radiation of the Hominoidea with no par¬ 
ticular relationship either to the Hominidae or to the Pongidae, 
but showing a most extraordinary parallelism with the former. 
But such an interpretation would be wholly gratuitous, with no 
supporting evidence, and it would demand a degree of evolutionary 
parallelism far beyond anything that has been demonstrated to 
have occurred in any other mammalian sequence of evolution. 

The recognition that the Australopithecinae belong to the 
hominid sequence of evolution does not necessarily mean, of course, 
that they were ancestral to the hominid genera Pithecanthropus and 

22. Quite recently the discovery has been announced by Mr. J. T. Robinson of a 
practically complete australopithccine pelvis at Sterkfontein, including the os in- 
nominatum of each side and the .sacrum, and also (in an articulated condition) the 
associated thoracic and lumbar vertebrae. This mo.st important material has not 
yet been described in detail, but, according to preliminary statements, the pelvis 
as a whole conforms in its proportions to the hominid type—as well as in the orien¬ 
tation of the iliac bones and pelvic cavity and in certain feature.s of the sacrum. It 
thus serves still further to re-emphaske the clear implications of the other pelvic 
specimens regarding erect bipedalism. 
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Homo, Certainly, this is unlikely to have been the case with the 
South African fossils so far discovered; for it now seems probable 
that these particular individuals existed too late in geological 
—at a time, indeed, when Pithecanthropus was probably al¬ 
ready living in the Far East. But it remains possible that some 
earlier representatives of the Australopithecinae (perhaps in an¬ 
other part of the world) may have provided the ancestral basis 
from which all later hominids were derived. On purely morpho¬ 
logical grounds there seems to be no serious objection to this inter¬ 
pretation, for in their skeletal and dental anatomy the Australo¬ 
pithecinae conform very closely indeed to theoretical postulates 
for a phase of hominid evolution immediately preceding the 
Pithecanthropus phase. It is true that certain of their morphological 
features, such as the relatively large size of the premolars and 
molars and the degree of molarization of the first deciduous molar, 
have been interpreted as “specializations,” with the implication 
that, not being present in later hominids, they could not have been 
present in the ancestors of the latter. In fact, however, there seems 
to be no sound basis for such a line of argument, for the so-called 
".specializations” are of such a minor character that their elimina¬ 
tion in the course of subsequent evolutionary development may 
be quite easily postulated without doing violence to any known 
genetic or evolutionary principles (.see p. 41). 

We have been using the term “Australopithecinae” in reference 
to the whole collection of South African fossils as a temporary de¬ 
vice, in order to avoid confusion while the taxonomic nomenclature 
of the various groups still remains a matter of disagreement. And, 
as previously noted, the view taken here is that such anatomical 
differences as there may be between the fossil remains found at 
the different sites in the Transvaal (e.g., Taung, Sterkfontein, 
Kromdraai, Swartkrans, and Makapansgat), though they may 
possibly justify subspecific, or even specific, distinctions, are not 
suflScient to justify generic distinctions. That is to say, the differ¬ 
ences do not appear to equate in degree with those which are usu¬ 
ally regarded as an adequate basis for generic distinctions m other 
groups of the Hominoidea. But the problem of the taxonomy of the 


155 



A mtralopithecm 


Australopithecinae is basically a matter of the definition of terms; 
and until this has been attempted, it is hardly possible to achieve 
final agreement. On the assumption that all the australopithecine 
remains so far discovered represent a single genus only, Australo¬ 
pithecus, this genus may be formally (and provisionally) defined as 
follows: 

Australopithecus, a genus of the Hominidae distinguished by the 
following characters; relatively small cranial capacity, ranging from 
about 450 to about 700 cc.; strongly built supra-orbital ridges; a 
tendency in individuals of larger varieties for the formation of a low 
sagittal crest in the frontoparietal region of the vertex of the skull 
(Imt not associated with a high nuchal crest); occipital condyles 
well behind the mid-point of the cranial length but on a transverse 
level with the auditory apertures; nuchal area of occiput restricted, 
as in Homo-, consistent development (in immature as well as mature 
skulls) of a pyramidal mastoid process of typical hominid form and 
relationships; mandibular fossa constructed on the hominid pattern 
but in some individuals showing a pronounced development of the 
postglenoid process; massive jaws, showing considerable individual 
variation in‘respect of absolute size; mental eminence absent or 
slightly indicated; symphysial surface relatively straight and ap¬ 
proaching the vertical; dental arcade parabolic in form with no 
diastema; spatulate canines wearing down flat from the tip only; 
relatively large premolars and molars; anterior lower premolar 
bicuspid with subequal cusps; pronounced molarization of first 
deciduous molar; progressive increase in size of permanent lower 
molars from first to third; the limb skeleton (so far as it is known) 
conforming in its main features to the hominid type but differing 
from Homo in a number of details, such as the forward prolongation 
of the region of the anterior superior spine of the ilium and a rela¬ 
tively small sacro-iliac surface, the relatively low position (in some 
individuals) of the ischial tuberosity, the marked forward prolonga¬ 
tion of the intercondylar notch of the femur, and the medial ex¬ 
tension of the head of the talus. 

If this formal diagnosis of the genus Australopithecus is ac¬ 
cepted, applying as it does to all the australopithecine material so 
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far reported from South Africa, the question still remains whether 
this material justifies a subdivision of the genus in terms of species 
or subspecies. There is, of course, no doubt that there are certain 
morphological differences between the fossils found at the dif¬ 
ferent sites, and these permit a broad subdivision with two main 
groups. Those found at Kroindraai and Swartkrans appear to be 
larger, with more massively constructed skulls, larger jaws and 
teeth, and a somewhat greater cranial capacity than those re¬ 
covered from Taung, Sterkfontein, and Makapansgat. In the lat¬ 
ter the typical australopithecine characters are less extremely de¬ 
veloped; but whether these differences are adequate for a .specific 
distinction is a question not easy to answer. However, it is per¬ 
tinent to this problem that, according to Oakley (80), the Krom- 
draai and Swartkrans material is probably of later date and may 
thus represent a later divergent trend of evolution of the genus 
Australopithecus having no close relation to the origin of other 
hominid genera. Robinson (91) maintains that the two groups are 
generically distinct, and, because of his intimate acquaintance with 
all the original material, his opinion deserves close consideration. 
But it has also been suggested that they bear a relation to one an¬ 
other which is comparable with that between the pygmy and other 
races of modern H. sapiens; if this latter analogy is strictly ap¬ 
propriate, there can hardly he any justification for according them 
even a specific distinction.^® 

There remains the diflScult problem of the status of “Telanthro- 
pus.” As already mentioned, this generic name was given by 
Broom and Robinson to two mandibular specimens found at 
Swartkrans, in which the molar teeth (the only teeth preserved) 
are considerably smaller than other specimens found at the same 
site (though they are stated to “show general agreement in struc¬ 
ture”) and the mandible of lighter construction. A fragmentary 
specimen of a palate found at Swartkrans in 1952 was referred by 
Robinson (90) to the same genus. Broom and Robinson describe 

23. Oakley advocates the recognition of two species of Auslrdoyilhecm, an 
earlier A. africamis and a later A. robtistn*. As a provisional taxonomic device for 
distinguishing the two main groups, this is perhaps a reasonable compromise. 
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these specimens as “human” or “euhominid,” without, however, 
defining what they mean by these terms. On the other hand, Robin¬ 
son specifically states that "Telanthropus” shows “australopithe- 
cine affinities.” So far as it is possible to judge from diagrams and 
photographs, the “Telanthropus” specimens appear to harmonize 
quite closely in size and other features with the australopithecine 
maxilla found at Sterkfontein in 1936, and it appears doubtful, 
therefore, whether a generic distinction is warranted. They may 
indicate no more than a range of variation in size equivalent to 
that found in other hominoid genera; and, if this is so, they are 
no doubt of particular interest as demonstrating a range which 
overlaps with the megadont varieties of Homo and with Pithecan¬ 
thropus. But, in any case, it will probably be agreed that more ma¬ 
terial needs to be collected before this question can be finally set¬ 
tled. 

That the genus Australopithecus may have extended consider¬ 
ably beyond the limits of South Africa is suggested by the illu¬ 
minating comparisons which Robinson (89) has made with the 
teeth and jaw fragments attributed by other workers to “Megan- 
thropus." As already mentioned (p. 86), this term was first ap¬ 
plied by Von Koenigswald to the fragment of a large mandible 
found at Sangiran in Java in 1941. Apart from the remarkably 
close similarity of over-all dimensions (which, however, Robinson 
rightly regards as characters of very low phyletic valency), he 
demonstrated a most remarkable coincidence of cusp pattern be¬ 
tween the first lower molar of the Javanese fossil and that of the 
australopithecine mandible found at Kromdraai. He further showed 
that the two upper premolars and an isolated upper molar dis¬ 
covered in East Africa by Kohl-Larsen in 1989, and referred by 
Weinert (122) and Ilemane (86) also to “Meganthropus” are almost 
identical with the corresponding australopithecine teeth from 
South Africa. So far as these details of dental morphology are con¬ 
cerned, Robinson’s inference that the "Meganthropus" specimens 
from Java and East Africa may represent a once widely spread 
australopithecine group is not without good reason; but, here again, 
more adequate material (particularly of the skull) is required be- 
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fore such a conclusion can be substantiated. We have already 
noted (p. 87) that it does not seem feasible, on the basis of a small 
fragment of one mandible with only three teeth in situ, to differen¬ 
tiate M. palaeojavanicus from Pithecanthropus. 

Practically nothing is known of the activities or mode of life of 
Australopithecus. Attempts have been made to credit these crea¬ 
tures with the ability to use bone implements and even with the 
ability to make fire, but the evidence for both these assumptions 
has proved to be faulty. On the other hand, the fact that no imple¬ 
ments have been found in association with australopithecine re¬ 
mains does not necessarily indicate that they were not tool-making 
creatures, for the.se remains have all been derived from fissures and 
caves, and no tools of the earliest, pre-Acheulian, South African 
paleolithic cultures are to be found in such deposits (though they 
are abundant in the fluviatile deposits of some of the main valleys). 
The only indication that the Australopithecinae may have used 
weapons of some sort is provided by a large number of baboon 
{Parapapio) skulls which have been found associated with their 
remains, for (according to Barbour, 3), out of fifty-eight of these 
skulls, no less than forty-two (72 per cent) show evidence of de¬ 
pressed fractures in the parietal region which are rather consistent 
in position and extent. It has been suggested that these injuries 
must have been the result of well-aimed blows with an implement 
of some sort, and it is certainly rather difficult to offer a more likely 
explanation. If, as a result of further excavations, this inference 
should be confirmed, it would indeed make it probable that the 
Australopithecinae were endowed with an intelligence and skill 
superior to that of the modern anthropoid apes. 

5. General Observations on the Australopithecinae 
The australopithecine fossils have been discussed in some detail 
because of their great importance for the study of human phylog- 
eny. The remarkable quantity of the material so far discovered 
has already provided an unusual amount of infonnation regarding 
the anatomical structure of these extinct creatures, but its very 
abundance means that its detailed analysis can be completed only 
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after some years of study. It is clear, however, that the total mor¬ 
phological pattern presented by the skull, teeth, and postcranial 
skeleton conforms to that of the Hominidae rather than the 
Pongidae, in spite of the small size of the brain. But, while they are 
certainly hominids in the taxonomic sense, the terms “man” and 
“human” can hardly be applied to them, for there is no certain 
evidence that they possessed any of the special attributes which 
arc commonly associated with human beings. They are to be re¬ 
garded, rather, as representatives of the prchum.an phase of the 
hominid sequence of evolution (65), In their morphology they 
appear to conform very closely to theoretical postulates for the 
immediate evolutionary precursors of the Pithecanthropus phase of 
hominid evolution; and it is for this reason that the genus Australo¬ 
pithecus has been provisionally suggested as the ancestral stock 
(or at least very closely related to the ancestral stock) from which 
other genera of the Hominidae were derived. However, this inter¬ 
pretation will be finally confirtr.ed only if it can be shown by fur¬ 
ther discoveries that the genus actually does fit into the postulated 
temporal sequence. We have noted the evidence that some of the 
South African fossils probably date from the Villafranchian period. 
If subsequent excavations make it clear that the genus Australo¬ 
pithecus was already in existence in the earliest part of this period, 
there would then be no theoretical diflBculty (from the point of 
view of the geological sequence) in accepting it as ancestral to 
Pithecanthropus and Homo. Even then, however, it would not 
necessarily follow that the transition occurred in South Africa. It 
may have occurred in some other part of the world, and the South 
African fossils in that case may represent but slightly modified 
survivors of the ancestral stock, which persisted to a much later 
time in the Transvaal. Obviously, the precise position of Australo¬ 
pithecus in hominid phylogeny can be tleterniined only by a more 
comi)lete paleontological record. But it may be emphasized that, 
even if evidence of geological antiquity were totally lacking, the pure¬ 
ly morphological evidence of the Australopithecinae would still be 
highly significant. For they demonstrate (what had already been 
predicated from a consideration of comparative anatomical data and 
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of the paleoanthropological sequence leading back to Pithecan¬ 
thropus) that there once existed primitive hominids with a cranial 
capacity exceeding by very little that of the large anthropoid apes 
but with a limb structure evidently related to the development of an 
erect posture and gait which is so marked a characteristic of the 
evolutionary sequence of the Hominidae in general. 
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The Origin of the Hominidae 

Undoubtedly the most intriguing question in the whole evolu¬ 
tionary story is, What was the ultimate origin of man? Or, put in 
zohlogical phraseology, at what stage in geological time did the 
Hominidae become finally segregated from other groups of the 
Primates, and what was the nature of the ancestral stock from 
which this segregation occurred? Unfortunately, any answers which 
can at present be given to these questions are based on indirect 
evidence and thus are largely conjectural, for the paleontological 
record of the Hominidae is still so very incomplete. The grada¬ 
tional series of types—modern Homo sapiens, Early Mousterian 
and Acheulian man, Pithecanthropus and Auslrcdopithecus—com¬ 
prise a retrospective sequence morphologically, and also (if Aus¬ 
tralopithecus can be conclusively .shown to have existed in the 
initial phases of the Villafranchian period) a receding temporal 
sequence. They would thus seem to provide satisfactory evidence 
for carrying our ancestral lineage back to a phase of hominid evolu¬ 
tion to which the term “human” can hardly any longer be applied 
—when the size of the brain was little greater than that of the 
modern anthropoid apes and the jaws were massive and protrud¬ 
ing. But it is a phase which still appears (in spite of the small 
brain) to have been well advanced beyond the ultimate origin of 
the Hominidae, that is to say, well beyond the time of their evolu¬ 
tionary segregation from the Pongidae. For example, many charac¬ 
teristic features of the hominid skull and dentition had already 
been established by what may be termed the ''Australopithecus 
phase,” and (what is still more important) the limb skeleton had 
already undergone a considerable degree of modification in adapta¬ 
tion to an erect posture and gait, very different indeed from that 
which must be postulated, on the basis of comparative anatomical 
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evidence, for a common ancestral stock. The fact is that the most 
serious hiatus now in the record of hominid evolution is the gap 
which separates the genus Australopithecua from the fossil homi- 
noids of Pliocene and Miocene times. It is true that, by extrapola¬ 
tion backward and by analogy with what is known of the paleonto¬ 
logical history of other mammalian groups, we can contrive a theo¬ 
retical picture of the intermediate stages which presumably must 
have been interposed between generalized pongid ancestors and the 
Australopithecus phase: but, in the absence of the concrete evidence 
of fossil remains, this is not a very satisfying procedure. 

So far, no fossil remains of undoubted hominids have been 
found in geological deposits which can with any certainty be as¬ 
signed to an antiquity greater than the Early Pleistocene. Nor have 
any artificially fabricated implements been convincingly shown to 
be of earlier date (in spite of the prolonged controversy in the past 
on “eoliths”). Pliocene hominids have been postulated, and it is 
certain that they existed, but their relics have yet to be discovered. 
On the other hand, fo.ssilizcd remains of anthropoid apes have been 
found in Pliocene and Miocene deposits over wide areas of the Old 
World. It is worth giving brief consideration to these, since they 
represent, so to speak, the other side of the gap in the paleontologi¬ 
cal record of the Hominidae. 

At least ten different genera of extinct anthropoid apes of Plio¬ 
cene or Miocene age have been de.scribed from sites in Europe, 
India, and Africa {59, (U). In most ca.ses they are known only from 
jaws and teeth, the former u.sually being very fragmentary. Their 
dentition conforms in its general features to the pongid type, with 
projecting and conical canines, .sectorial lower first premolars, and 
elongated molars which are u.sually large and, in the lower denti¬ 
tion, increa.se progressively in size from front to back. On the other 
hand, the cusp pattern of the molars can be distinguished from 
that of the modern large apes and is, in general, less complicated: 
the inci.sor teeth are relatively .smaller (and in this respect more 
closely rtvsemble hominid incisors), and the simian shelf of the 
mandible is either absent or developed only in an incipient fonn. 
In other words, the dentition and mandible of the.se early apes 
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were less specialized than in Recent Pongidae. Of special impor¬ 
tance are two genera of Pliocene apes described by Gregory, Hell- 
man, and Lewis (36) from the Siwalik deposits of India, Brama- 
fithecus and Ramapithecns, which, in the small size of the teeth 
and tlie relatively simple construction of the molars, seem to ap¬ 
proximate more closely to the Ilominidae than do other pongid 
genera. In Ramapithecns, particularly, the somewhat flattened 
wear of the premolars and molars, the small size of the canines (as 
judged by their sockets) and their medial position in the lower 
dentition, the moderate degree of anterior convergence of the tooth 
rows in the maxilla, the absence of a pronounced diastema, and 
the relatively low degree of prognathism are all rather suggestive 
of the sort of transitional phase which may be presumed to have 
occurred in the evolutionary derivation of the hominid type of 
dentition from that characteristic of most of the other Pliocene and 
Miocene apes. In this connection it is perhaps significant that the 
remains of RarnapUhecus were recovered from the Tatrot and 
uppermost Chinji zones of the Siwalik formations, which (accord¬ 
ing to Colbert’s data, 23) correspond to the Middle Pliocene and 
the latter part of the Lower Pliocene. That is to say, it is one of 
the latest representatives of the extinct apes which were so widely 
dispensed during the Miocene and Pliocene. But, unfortunately, 
the relevant fossil material from India is still far too scanty to per¬ 
mit any definite formulation of an evolutionary sequence adum¬ 
brating the initial segregation of the Ilominidae, even though the 
indications provided by the few Siwalik specimens already ob¬ 
tained are .suflficiently interesting to arouse the hope that this re¬ 
gion will .sometime be systematically and carefully explored for 
further evidence in this direction. It certainly does seem to offer 
rich prospects for the paleoanthropologist. 

The question now arises whether there is any theoretical ob¬ 
jection to postulating the derivation of the hominid type of denti¬ 
tion from the pongid type of dentition represented in the known 
Pliocene and Miocene ai>es. It has indeed been argued that the 
projecting conical canines and the sectorialized lower first pre¬ 
molars found in these apes (wherein they approximate closely to 
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the modern apes) are specializations which could not have found 
a place in hominid ancestry. But this line of argument appears to 
be based on quite arbitrary as.sumptions as to what should be re¬ 
garded as “specializations” and also on the false premise that even 
a slight degree of morphological specialization is not capable of 
undergoing an evolutionary reversal (see p. 41). So far as the 
canine tooth is concerned, it is first to be observed that in the 
Miocene and Pliocene genera of apes it actually showed a good 
deal of variation in size; we have already noted that in Rama- 
pithecus it was an unusually small tooth. Second, there is reason¬ 
ably good evidence of a direct anatomical nature that the small, 
spatulate canine of H. sapiens is the result of a secondary reduc¬ 
tion in size. For example, the newly erupted and unworn canine 
(particularly the deciduous canine) may project quite markedly 
beyond the level of the adjacent teeth and may occasionally also 
be sharply pointed. Again, the permanent canine is provided with 
an unusually robust root, and the latter is also longer than that 
of the immediately adjacent teeth (Fig. 20); such features are dif¬ 
ficult to explain on a purely funetional basis, for in modern man 
the canines have no special function to perform. But they do be¬ 
come intelligible if we suppose that they had special functions in 
the pa.st. Finally, the eruption of the permanent canine in H. 
sapiens is still late relatively to the eruption of the adjacent teeth; 
it may come into place only after the two premolars and sometimes 
even after the second molar. There is also the evidence of fossil 
Imminids that the modern canine has undergone retrogressive modi¬ 
fications, for (as we have noted, p. 93) in Pithecanthropus the 
canines in some individuals were relatively large, overlapping teeth, 
associated with a definite diastema. 

That the sectorial and predominantly unicuspid first lower pre¬ 
molar tooth (except in its extreme form) is really a primitive and 
not a .specialized feature of the honiinoid dentition and that the 
bicu.spid hominid tooth is secondarily derived are indicated by a 
number of considerations. In the first place, the sectorial type of 
tooth is a functional correlate of a projecting and overlapping 
upper canine, for it is .shaped in conformity with the occlusal re- 
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Fig. 20. —Diagrams illustrating A, the relatively long and robust root of the up¬ 
per canine tooth in Homo sapiens; B, the occlusal relationships of the canines and a 
sectorial first lower premolar tooth in a cercopithecoid monkey {!), and the occlusal 
relationship of the canines and first lower premolar tooth in Homo sapiens before 
attrition (^), and at an early stage of attrition (3) (after Remane); and (7, lateral 
and anterior views of a first lower milk molar tooth of Homo sapiens. 

quirements of the latter. Second, in every genus of the earlier fossil 
Hoininoidea so far known (even as far back as the little Para- 
pithecus of Oligocene times), the first lower premolar is a pre¬ 
dominantly unicuspid tooth,* and, indeed, this is a character of the 
primitive mammalian dentition as a whole. The evolutionary 
derivation of a biscuspid premolar from a unicuspid tooth is, after 
all, only one example of the tendency for an elaboration (“molar- 

1. The statement has been made that, in the primitive hominoid mandibles of 
Oligocene date, the first lower premolar has a bicuspid form of hominid type. This, 
however, is not the case. 
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ization”) of the premolars which is a quite common feature in the 
phylogenesis of other groups of Primates. Lastly, as Remane (85) 
has pointed out, in H. sapiens the morphology of the first decidu¬ 
ous molar, i.e., the temporary precursor of the first lower premolar, 
offers very suggestive evidence, for it is often quite markedly com¬ 
pressed from side to side, with the anterolateral surface sloping 
obliquely downward, very much as that of a sectorial tooth does 
(Fig. 20). It is not improbable that this feature is an example of 
the astonishing conservatism of morphological elements, as the 
result of which form and structure may persist for a long geologi¬ 
cal time after they have ceased to serve their original function. 

These, then, arc the lines of evidence which lead to the inference 
that the biscuspid premolar of hominid type is secondarily de¬ 
rived from a predominantly unicuspid anti (moderately) sectorial 
tooth not very tlissimilar to that still found in the modern large 
apes.® And it is to be noted that the inference accords well with 
the evidence that the brachydont hominid canine is a secondary 
modification of a conical, projecting canine. It hardly needs to be 
emphasized again that the final proof of such an evolutionary se¬ 
quence must depend on adequate paleontological documentation; 
but it is at least clear that there is no theoretical reason why the 
hominid type of dentition should not have been derived from the 
generalized pongid type found in some of the Miocene or Pliocene 
apes, and such indirect evidence as is available certainly supports 
this proposition. 

Apart from the dentition, it seems that some authorities have 
been reluctant to accept the suggestion that the evolutionary 
precursors of the Hominidae could be represented by any of the 
known Miocene or Pliocene genera of apes, on the assumption that, 
because their dental characters show quite definitely that they 
were certainly pongids, they must therefore have shown aberrant 
specializations in limb structure, etc., comparable with those char¬ 
acteristic of the modern anthropoid apes. In fact, however, there 

2. It ha.s already been noted (p. 101} that in the gen as Homn the lingual cusp 
of the first lower premolar (which is so eonspicuoas in more primitive hominid.s) 
has undergone a secondary reduction. 
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has never been any real basis for such an assumption; on the con¬ 
trary, by analogy with what is now known of the evolution of other 
mammalian groups, it might have been anticipated that the limb 
structure of these extinct apes would still have preserved a much 
more generalized condition—approximating in some degree, that is 
to say, to that of the quadrupedal cercopithecoid monkeys. Paleon¬ 
tological discovery has shown that this certainly was the case, at 
least with some of the extinct genera. From Pliocene and Miocene 
deposits of Europe a femur* and the shaft of a humerus of Dryopithe- 
cus are known and also parts of the limb skeleton of Pliopithecus 
(30, 125). More complete, but still rather fragmentary, remains of 
the limb skeleton of Miocene apes have been recovered from East 
Africa, Taken all together, this evidence indicates that the limb 
structure of these extinct apes had certainly not developed the ex¬ 
treme and aberrant specializations of the modern anthropoid apes. 
The shafts of the dryopithecine humerus and femur are slender and 
straight and suggest lightly built and agile creatures. The limb 
bones of Pliopithecus recently found in Middle Miocene deposits in 
Austria are, according to a preliminary note by Zapfe (125), quite 
astonishingly primitive in their general con.striiction and, in some of 
their morphological details, rc.semblc those of cercopithecoid type. 
The humerus and femur of the Early Miocene genus Proconsul from 
East Africa are quite similar to those of DryopUhecus, and the cal¬ 
caneus and talus show interesting differences from those of the 
modern apes (66). In another East African Miocene pongid, 
Limnopithecus, which in its dentition approximates closely to 
Pliopithecus and is commonly regarded as an extinct representative 
of the Hylobatinac, the limb skeleton, in its proportions and mor¬ 
phological details, also shows a number of cercopithecoid charac¬ 
ters (67). So far as it goes, then, the paleontological evidence sug- 

3. This fernur wa.s di.scovcTetl over a hundred years ago, and for many years it 
was assumed to be that of a giant gibbon. But no remaims of a giant gibbon have 
ever been found in Europe (or, for that matter, elsewhere). The femur is ccrtaitdy 
a pongid femur of some sort, and the only large Pongidae known to have existed 
contemporaneou-sly in Europe are the dryopithecine apes. The femur conforin.s very 
well to the probable size of these apes, and there can therefore be little doubt that 
it must be referred to Drj/opithecii.t. 
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gests that in their limb structure some of the Miocene and Pliocene 
apes had not at that time developed the specializations related 
to the extreme form of brachiation shown by the modem apes, 
which is associated with characteristic changes in limb proportions. 
On the contrary, they were evidently in some ways more like the 
quadrupedal cercopithecoid monkeys of today, active and agile 
creatures, capable of scampering on the ground as well as leaping 
among the branches of the trees.'' The importance of these observa¬ 
tions is clear, for they demon.stratc that, so far as the proportions 
and structural adaptations of the limbs are concerned, there ap¬ 
pears now to be no theoretical objection to the derivation of the 
Hominidae and the Recent Pongidac from a common ancestry at 
least as late as Early or Middle Miocene times, and possibly even 
later. It was perhaps subsequent to this time, therefore, that, 
in association with opposing trends in adaptation to po.sture and 

4. It ha.<i been argued that, .since the terms “anthropoid ape" and “pongid” 
were originally defined by reference to the modern anthropoid apes, which are 
characterized by certain .specializations in limb proportions, etc., they can hardly 
be applied to extinct genera in which (as is now known) these specializations were 
not fully developed. But this seems to be taking too static and narrow a view of 
the definition of larger taxonomic categories. In the case of the Miocene apes, their 
inclusion in the Pongidae appears valid for the following reasons; (1) a major 
taxonomic category should tiaturally include not only the terminal products of its 
evolution but al.«o the earlier phases of development through which it pa.ssed after it 
became definitely .segregated from immediately related groups; (2) it is to be ex¬ 
pected that the earlier representatives of the Pongidae, after their initial segrega¬ 
tion from the Cercopithecoidea, would retain primitive characters which became 
lost in the course of la ter evolution; (3) there is good evidence that the Cercopithe¬ 
coidea had, in fact, already become a separate and well-defined group by the Early 
Miocene, for fossil remains of a cercopithecoid monkey (provisionally identified as 
Mesopithecua) have been recovered from the Early Miocene depo.siti! of East Africa 
showing the specialized dental feature.s distinctive of the whole group; (4) the 
dental morphology of the Miocene apea approximates very closely to that of the 
Recent Pongidae, and in certain elements of the dentition (e.g., the canine.s and pre- 
molars) appears in .some cases to be indistinguishable; (6) a difference in limb pro¬ 
portions does not by itself constitute an adequate basis for a familial distinction; 
(6) in spite of their general cercopithecoid appearance, the limb bones of some of the 
Miocene ape.s (e.g., lAmnopithecua) do show certain features in which they approxi¬ 
mate to the Recent Pongidae. If all these factors are given due consideration, it 
seems rea-sonable to include the.se extinct genera of fossil ape.s (.so far as they are at 
present known) in the Pongidae, though it may perhaps be justifiable to accord 
them a subfamilial distinction. 
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gait, the divergent evolutionary development of characteristic 
growth rates of the limb and trunk in the Hominoidea marked the 
initial phylogenetic separation of the earliest precursors of the 
Hominidae from the Pongidae. 

The factors which determined the segregation of the evolutionary 
radiation of the Hominidae can be only conjectured. There is no 
reason to suppose that the Miocene and Pliocene apes were not 
arboreal creatures (even though it seems likely that they were also 
capable of active progression on the ground), but there existed in 
the Early Miocene of East Africa a large ape. Proconsul major, which 
was evidently equivalent in size to the modern gorilla (66); this 
creature must presumably have been restricted in its arboreal 
habits to the main branches of the trees at the lower levels near the 
ground and may even have been mainly terrestrial. It would be 
particularly interesting to know something of the limb structure of 
P. major, but, unfortunately, no limb bones have been found (ex¬ 
cept for some not very informative fragments of the clavicle). That 
the adoption of bipedal terrestrial habits by the earliest representa¬ 
tives of the Hominidae must have occurred in regions of deforesta¬ 
tion seems very probable; and it is perhaps significant, therefore, 
that the environment of the East African Miocene apes provided 
possibilities of this sort, A preliminary consideration of fossilized 
fruits, seeds, and insects di.scovered by Dr. L. S. B. I^eakey in the 
Miocene deposits of Kenya (as well as the evidence of the general 
faunal assemblage) indicates that this environment consisted of 
wooded valleys of limited extent, separated by open savanna coun¬ 
try—there were certainly no large continuous tracts of tropical 
forest comparable to those inhabited by the modern anthropoid 
apes. It may be suggested that the evolution of ground-living fonns 
in the ancestry of the Hominidae' was the result of adaptations pri¬ 
marily concerned, not with the abandonment of arboreal life, but 
(paradoxically) with an attempt to retain it. For in regions under¬ 
going gradual deforestation they would make it possible to cross 
intervening grasslands in order to pass from one restricted and 
shrinking wooded area to another (65). This proposition is parallel 
to the interesting conjecture that water-living vertebrates initially 
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acquired terrestrial and air-breathing adaptations in order to pre¬ 
serve their aquatic mode of life; for in times of drought these 
adaptations would make it possible to escape from dried-up rivers 
or pools and go overland in search of water elsewhere. 

Those anatomists who have persuaded themselves of the 
“uniqueness” of man’s anatomical structure have commonly as¬ 
signed to him a vast geological antiquity. But, as already pointed 
out in the first chapter (p. 4), there is no objective reason for 
assuming that the family of the Hominidae, morphologically speak¬ 
ing, is more “unique” than any other family of the Mammalia. So 
far as the evidence at present available can be assessed, the origin 
of the Hominidae and the Pongidae from a common ancestral stock 
seems well assured. There is no sound argument for pushing back 
the origin of the Hominidae to the Oligocene (or, as some would 
even suggest, to the Eocene). There is, in fact, no reason why it 
may not have occurred in the early part of the Pliocene. It is here 
a question of attempting to estimate the time factor which is likely 
to have been involved in the evolutionary development of those 
characters which are distinctive of the Hominidae. But arguments 
based on the analogy of evolution rates in other mammalian groups 
are, unfortunately, far from secure. 

The interpretation of the paleontological evidence of hominid 
evolution which has been offered in the preceding chapters is a 
provisional interpretation. Because of the scantiness of the evi¬ 
dence, it could hardly be otherwise. But it is an interpretation which 
appears to accord reasonably well with the facts at present avail¬ 
able. In one of his many writings, Karl Pearson made the observa¬ 
tion, “Science consists not in absolute knowledge, but in the state¬ 
ment of the probable on the basis of our present—invariably lim¬ 
ited-acquaintance with facts.” To no branch of science can this 
be more aptly applied than to the science of paleoanthropology. 
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